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Notice

Please note that source, special nuclear, and byproduct materials, as defined in the Atomic
Energy Act of 1954 (AEA), are regulated at the US Department of Energy (DOE) facilities
exclusively by DOE acting pursuant to its AEA authority. DOE asserts, that pursuant to the
AEA, it has sole and exclusive responsibility and authority to regulate source, special nuclear,
and byproduct materials at DOE-owned nuclear facilities. Information contained herein on
radionuclides is provided for process description purposes only.
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Acronyms and Abbreviations

AEA Atomic Energy Act of 1954

DOE US Department of Energy

ETF effluent treatment facility

FRP feed receipt process

HLP HLW lag storage and feed blending process

HLW high-level waste

LAW low-activity waste

LERF liquid effluent retention facility

PT pretreatment

PWD plant wash and disposal

RLD radioactive liquid waste disposal
WAC Washington Administrative Code
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1 Introduction

The Washington Administrative Code, WAC 173-303-640(4)(e), addresses tank systems containing
dangerous waste. This code requires that secondary containment systems be designed to contain 100 %
of the capacity of the largest tank within its boundary. Because the tank system addressed in this
document is in an outdoor uncovered area, also included is the containment of the rainfall.

Flooding scenarios for rooms within the PT facility have been addressed in prior issued documents. This
report specifically addresses flooding scenarios for Room P-0150, a tank containment area located outside
the PT building, which contains the Radioactive Liquid Waste Disposal (RLD) tanks RLD-TK-00006A
and RLD-TK-00006B. The flooding scenario addressed in this document establishes the minimum
requirements for secondary containment in Room P-01 50.

2 Applicable Documents

WAC 173-303, Dangerous Waste Regulations, Washington Administrative Code

3 Description

3.1 Background

The PT facility receives low-activity waste (LAW) feed and high-level waste (HLW) feed from the
Double-Shell Tank System. This mixed waste feed is pumped through double-walled underground
transfer lines to the PT facility.

The purpose of the PT facility is to pretreat the waste received from the Double-Shell Tank System and to
transfer it to the LAW and the HLW vitrification facilities. Within the LAW and HLW vitrification
facilities, the waste is formed into glass logs suitable for long-term disposal.

Within the PT facility, the LAW feed is transferred to the waste feed receipt process (FRP) vessels
(FRP-VSL-00002A/B/C/D), while the HLW feed is sent to the HLW feed receipt vessel
(HLP-VSL-00022). These wastes are temporarily stored in the vessels before being pumped and treated
by the PT processing equipment.

These vessels are located in black cells and are not accessible. The black cells are arranged in a "U"
shape around a central hot cell in the PT facility, where major processing equipment is located.

The hot cell is remotely maintainable with the use of a crane system. Below the center of the hot cell are
two adjacent rooms in the deep pit at the -45 ft elevation. This is the low point for the PT facility. Within
these rooms are the plant wash and disposal (PWD) ultimate overflow vessel (PWD-VSL-00033) and the
HLW effluent transfer vessel (PWD-VSL-00043).

The FRP vessels are the largest in the PT facility. The flood scenario at 0 ft elevation addressed a
postulated failure of one FRP vessel and the movement of its fluid from a black cell to the hot cell, and
then to the -45 ft elevation pit in Flooding Volumefor Below Grade and 0 Ft Elevation in PT Facility

24590-PADC-F00041 Rev 5 (6128/2004)
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(24590-PTF-PER-M-02-005). The flooding scenario also addressed the fire water pit at the -19 ft
elevation.

The RLD tanks RID-TK-00006A and RLD-TK-00006B, located in Room P-0 150 (a concrete
containment area) outside of the PT building, receive, sample, and discharge low activity effluent. The
majority of the inventory contained in these tanks is process condensate generated in the PT facility
evaporators, but these tanks also receive and store alkaline scrubber and other low activity liquids routed
from RLD-VSL-00017A/B located in the PT facility. Liquid effluents stored in RLD-TK-00006A/B are
pumped to the Liquid Effluent Retention Facility (LERF) and Effluent Treatment Facility (ETF) for
further treatment prior to disposal.

3.2 Room P-0150 Flooding Volume

Room P-0150 is a concrete containment area located outside the PT building on the northeast side of the
building. It provides secondary containment for tanks RLD-TK-00006A/B, which are the only tanks
within this containment area. The room is completely enclosed by the walls and there is no overhead
covering or roof

Each tank sits on a pedestal that is octagonal in shape. Also located in this room are six pumps on
individual pedestals, with associated piping. There are 12 concrete posts in the room. The secondary
containment includes a low point sump (RLD-SUMP-00003). The floor of the containment area also
includes a covered trench between each tank and a sump. The floor and the trench are sloped towards the
sump. The room's concrete walls and floor are provided with a special protective coating to contain
liquid in case of leakage. For simplicity, these walls and the floor will be referred to as the "secondary
containment".

The minimum height for the secondary containment is based on the flooding volume. The basic
methodology used to calculate the minimum secondary containment height is to divide resulting volume
by the available room area. The available room area is reduced by the area of the tank and pump
pedestals. The height of the secondary containment is determined from the top of the floor but for
conservatism, no credit is taken for the volume created by the slope of the floor.

3.3 Calculation of the Minimum Height of the Secondary Containment Wall

For calculating the minimum height of the secondary containment walls, the following scenario is
considered.

The total volume of the fluid contained in one of the two tanks is discharged by leakage or spillage into
the secondary containment. Added to this volume of fluid is the maximum accumulation of rainwater for
duration of 24 hours. Refer to Appendix A for basis of rainwater. Therefore, the secondary containment
wall is sized to handle the volume of rainwater in addition to the 100 % capacity of the tank.

The secondary containment is calculated in three parts:

Part 1 Determination of Flooding Volume

a) Determine the volume of the tank (VY) by adding the sum of the volumes of the cylindrical section
and the cone roof section. The volume of the entire conical section is included with the cylindrical
section volume for conservatism.

24590-PADC-FjOO41 Rev 5 (6/28/2004)



24590-PTF-PER-M-04-0008, Rev 1
Flooding Volume for Room P-0150 in the PT Fcility

b) Determine the volume of the rainwater (V,) for the area of the room.

c) Determine the total flooding volume (YVo.) by adding Va and V,.

Part 2 Allowance for Other Components

a) To account for space that is unavailable due to other auxiliary components (piping and structural posts)
in the room, a design allowance of 5 % is added to Vflw.

b) The volume of sump RLD-SUMP-00003 (78 cu ft) is considered negligible compared to Vnld
(calculated in Appendix A).

c) The liquid in the failed tank empties or leaks down to the secondary containment height as the liquid
level equalizes. This assumption also applies to a failed nozzle or pipe connected to the bottom of the
tank. The flood volume will occupy the area of the failed tank.

Part 3 Determination of Containment Height

The minimum height of the secondary containment wall is calculated incrementally, taking into account
the tank pedestals, the pumps, and the results from Parts I and 2 above.

Step 1. Calculate the area of available secondary containment up to the thickest part of the tank pedestal,
1 ft 4 in. This step subtracts the tank pedestals and the six pumps from the available area. The tank
pedestals are conservatively assumed flat (not sloped) and with an area assumed 25 % larger than the tank
footprint. The pumps are conservatively considered rectangular shapes, using the cross-sectional area of
the largest concrete pump pedestal. The area determined by this step can be multiplied by 1 ft 4 in to get
the volume of liquid contained by the 1 ft 4 in high containment wall section.

Step 2. The available area of the room in this step is the (area of the room) minus (area of remaining
intact tank) minus (area of the six pumps).

Calculate the additional height of the secondary containment wall (above the first 1 ft 4 in) required to
accommodate the remaining Vfjod by: subtracting the volume calculated in Step 1, from Vjj.6 and
dividing by the available area of the room (in this step above).

Step 3: To determine the minimum secondary containment wall height, add the heights from Step 1 and
Step 2 above.

3.4 Results

The minimum secondary containment height required is 7.27 ft above the top of the concrete floor.

Page 324590-PADC-FOD041 Rev 5 (6128/2004)
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Appendix A

Evaluation of Flooding Volume for Room P-0150
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Appendix A
Evaluation of Flooding Volume for Room P-0150

Description
Room P-0150 is a concrete containment area located outside the PT building on the northeast side of the
building. It provides secondary containment for tanks RLD-TK-00006A/B, which are the only tanks
within this containment area. The secondary containment includes low point sump (RLD-SUMP-00003).
The floor of the containment area also includes a covered trench between each tank and RLD-SUMP-
00003. The floor and interior walls of tie containment area including the trench are treated with a special
protective coating. The floor and the trench are sloped towards the sump.

This evaluation determines the flooding volume for Room P-0 150 and determines the minimum height
for the secondary containment structure.

Basis and Assumptions

* The dimensions of Room P-0150 are 113 ft by 77 ft (inside dimensions).

" The dimensions of both RLD-TK-00006A and -00006B are 42 ft inside diameter by 32 ft tall
(cylindrical section).

" The thickness of each tank wall is assumed to be 1 inch, therefore the outside diameter will be 42
ft 2 in or 42.17 ft.

" The tanks are flat bottom and each tank contains a cone roof with a center height of 42 inches
measured from the top of the cylindrical section.

" The tank pedestals are octagonal and are assumed 25 % larger than the footprint of the tank.

a The volume of RLD-SUMP-00003 is 583 gallons (78 cu ft) and is considered negligible.
" The trenches in the concrete floor are not credited in this flooding volume for conservative

purposes.

* The six pump pedestals are conservatively considered rectangular, each with a cross-sectional
area equal to that of the largest pump pedestal and the height equal to the containment wall.

" The 24 hour rainfall is 1.27 inches (a 24-hour, 25 year storm, i.e. the storm that occurs once in 25
years.) Rainfall data is derived from Table 7.3 of PNNL 14242, Hanford Site Climatological
Data Summary, 2002 with Historical Data. The volume of rain for 24 Irs is conservatively
estimated.

" To account for room area that is unavailable due to other auxiliary components (piping and
structural posts) in the room, a design allowance of 5 % is added to total flood volume.

- The liquid level of the failed tank empties or leaks down to a wall height, where the liquid level
equalizes between the outside and inside of the tank. The area of the failed tank is included in the
available area of the room. This assumption also applies to a failed nozzle or pipe connected to
the bottom of the tank.

* Numbers in excess of 4 significant figures were rounded to the nearest integer.

24s90-PADC-FOOD41 Rev S (6/28/2004) Page A-i
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Determination of Flood Volume

From the dimensions of RLD-TK-00006A/B (both tanks are the same size), the tank volume contribution
to flooding volume, Vtk, is the sum of the volume of the straight cylindrical section Vyi plus the volume
of the cone roof, V 0.,:

Vtnlk - VcyI + Vconz

Vcy= 7c/4 x D,.k2 x Hyt

Where:

Then

Dk = Tank diameter, feet = 42 ft

Hty, = Tank cylindrical height, feet = 32 ft

Vey = 7/4 x (42 ft)2 x (32 ft) = 44,334 cu ft

V. = n/12 x D,.k2 x H...,

Where He = height of the conical section measured
section = 42 inches

in the tank center from the top of the cylindrical

Then

V. = 7/12 x (42)2 sq ft x (42 in/12 in/ft)

V0 .0, = 1616 cu ft

Vra, = 44,334 cu ft + 1616 cu ft = 45,950 cu ft

To determine the volume of rainwater, the total room area, A1, is determined from:

At=LrxW,

Where:

L,=roomlength,ft= 113 ft

W,= room width, ft= 77 ft

A= 113 ft x 77 ft = 8701 sq ft

Then, the volume of rainwater, V., is given by:

V = (1.27 inches/12 inches/ft ) x 8701 sq ft

V.=921 cuft

24590-PADC-F00041 Rev 5 (6/28/2004) Page A-2
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The flooding volume, Vfila, is the sum of these quantities plus 5 % to allow for auxiliary components
(such as piping and posts):

Vn = (Vw + V') x 1.05

Vfld = (45,950 cu ft + 921 cu ft) x 1.05

Vfiwd = (46,871 cu ft) x 1.05 = 49,215 cu ft

Determination of Containment Height

As stated in the method section, for conservatism, the volume created within the sloped area of the floor is
neglected.

The pump pedestal dimensions, six each, are as follows: 3.5 ft by 7 ft.

The pumps are conservatively considered to occupy the space above the pump pedestals to the height of
the secondary containment wall.

The room dimensions are 113 ft by 77 ft.

Step 1: Secondary Containment Volume (Vc1 ) from floor level (0 ft) to top of tank pedestal (1.33 ft).

The secondary containment area has two tank pedestals that are 1.33 ft high. The area of each pedestal is
assumed to be 25 % larger than the footprint of the tank.

Cross sectional area of octagonal tank pedestal is conservatively assumed as:

A* = Ak. x 1.25 where

At.ov = (/4 x Dz o)

At =r/4 x (42.17 ft)2 = 1397 sq ft

Aped = 1397 sq ft x 1.25 = 1746 sq ft

Total cross sectional area of the room is the length of the room times the width of the room:

A =LxW,

A, = 113 ft x 77 ft = 8701 sq ft

Cross sectional area of pumps:

Ap1 . = 3.5 ft x 7 ft = 24.5 sq ft

Page A-3
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Area of the room available for secondary containment up to 1.33 ft height is:

Ac, = [A, - 2Apw - 6Am]

Ac = [8701 sq ft - 2(1746 sq ft) - 6(24.5 sq ft)]

Ac, = 8701 sq ft - 3492 sq ft - 147 sq ft = 5062 sq ft

Volume of liquid contained by 1.33 ft high secondary containment wall is:

Vc,= Ac, x H

Vc 1= 5062 sq ft x 1.33 ft =6732 cu ft

Step 2: The height of the secondary containment wall required to accommodate the remaining total tank
volume (above the first 1.33 ft).

This wall height (H2) is determined by subtracting the volume contained in the first 1.33 ft from the total
flooding volume and dividing by the available cross sectional area of this space.

Vc 2 = VIod - Vc1

Vc 2 = 49,215 cu ft - 6732 cu ft = 42,483 cu ft

The available cross sectional area for this space is:

Ac2 = At - At.,,. - 6(Apm)

Ac2 = 8701 sq ft - 1397 sq f - 6(24.5 sq ft)

Ac 2 = 8701 sq ft - 1397 sq ft - 147 sq ft =7157 sq ft

Therefore:

H2 = Vc2 / Ac2

H 2 = 42,483 cu ft /7157 sq ft =5.94 ft

Step 3: Minimum secondary containment wall height Ha.

Secondary containment wall required to accommodate the total flooding volume is 1.33 ft plus the height
calculated in step 2.

H, = 1.33 ft + H2

H.= 1.33 ft + 5.94 ft =7.27 ft

24590-PADC-F00041 Rev 5 (6/28/2004)
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Bechtel National, Inc. Certification

The following certification statement is provided consistent with Contract No. DE-AC27-
0 1RV14136, Section H.26, Environmental Permits, paragraph (g) for Dangerous Waste Permit
package PTF-065, Rev. 0, "Tank Secondary Containment for PTF Facility RLD System."

I certify under penalty of law that this document and all attachments were prepared under my
direction or supervision in accordance with a system designed to assure that qualified personnel
properly gather and evaluate the information submitted. Based on my inquiry of the person or
persons who manage the system, or those persons directly responsible for gathering the
information, the information submitted is, to the best of my knowledge and belief, true, accurate,
and complete. I am aware that there arc significant penalties for submitting false information,
including the possibility of fine and imprisonment for knowing violations.

J. P4enschel Date
Project Director

Page 1 of 1



U.S. Department of Energy, Richland Operations Office
Certification

The following certification statement is provided for the Hanford Tank Waste Treatment and
Immobilization Plant for Dangerous Waste Permit package PTF-065, Rev. 0, "Tank Secondary
Containment for PTF Facility RLD System."

I certify under penalty of law that this document and all attachments were prepared under my
direction or supervision in accordance with a system designed to assure that qualified personnel
properly gather and evaluate the information submitted. Based on my inquiry of the person or
persons who manage the system, or those persons directly responsible for gathering the
information, the information submitted is, to the best of my knowledge and belief, true; accurate,
and complete. I am aware that there are significant penalties for submitting false information,
including the possibility of fine and imprisonment for lowing violations.

R, J. SC e-nV, Manager 0Date
U.S. Department of Energy,
Office of River Protection
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Drawings and Documents
Attachment 51 - Appendix 8.9

Pretreatment Building
Material Selection Documentation

The following drawings have been incorporated into Appendix 8.9 and can be viewed at
the Ecology Richland Office. See Appendix 7.9 for material selection documentation
common to the Pretreatment, LAW, HLW, and Laboratory buildings. New drawings are
in bold lettering.

Drawing/Document Number Description
24590-PTF-N1D-CNP-P000 , Rev 0 Material Selection Data Sheet for CNP-

DISTC-00001
24590 PTF NiD CNP P0002, Rev-0 Material Selection Data Sheet for CNP HX-

00002
24590-PTF-N1D-CNP-P0002, Rev 1 Material Selection Data Sheet for CNP-HX-

00002
24590-PF NID CNP P0003,-Rce- Matefial Selection Data Sheet for @

o-o M
24590-PTF-N1D-CNP-P0003, Rev 1 Material Selection Data Sheet for CNP-HX-

00003
24590 PTT NID CNP P0004, Reev-aeet Data Sheet for CNP M-aX

24590-PTF-N1D-CNP-POO0S, Rev 1 Material Selection Data Sheet for CNP-
EVAP-00001

24590. FT -ND- N P0005, Re-2 Mateial Selection Data Sheet for CN, EVSL

24590-PTF-N1D-CNP-P0006, Rev 3 Material Selection Data Sheet for CNP-

240FT DCP008 Re-0 Matra

PTF 1B C T--0006,

24590-PSTF-NID-CNP-POS, Rev 1 Material Selection Data Sheet for CNP-

B0KP04 0

2459 FT NiDGNPP000, Rv 0 Material Selection-Data-Sheet-for NPVSL-

24590-PTF-NID-CNP-PO99, Rev 1 Material Selection Data Sheet for CNP-
VSL-00003

21590 FP MD CNP-P0 10, RevI Material SelectionData Sheet for CNP

BRPT-00002
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24590-PTF-N1D-CNP-PO1O. Re I Material Selection Dat She o NP-
BRKPT-00001

24590 PT ID CNP P0011 P6e -0 MatefWa Selection Data Sheeft fox iSNP VSLh
00004

24590-PTF-N1D-CNP-POO1i, Rev 1 Material Selection Data Sheet for CNP-
VSL-00001

24590-PTF-NID-CNP-P0012, Rev 1 Material Selection Data Sheet for CNP-HX-
00004

24590-PTF-N1D-CXP-P0001, Rev 1 Material Selection Data Sheet for CNP-
VSL-00001

24590-PTF-NID-CXP-P0003, Rev 0 Material Selection Data Sheet for CXP-VSL-
00026A/B/C

24590-PTF-ND-CXP-P0007, Rev 1 Material Selection Data Sheet for CXP-
VSL-00004

24590-PTF-N1D-CXP-P0003, Rev 1 Material Selection Data Sheet for CXP-
VSL-0000

24590-PTF-N1D CFP0002, Rev 0 Material Selection Data Sheet for FEP VSL
00004

24590-PTF-N1D-CXP-P0O03, Rev 1 Material Selection Data Sheet for CXP-
VSL-00005

24590-PTF-NID-FEP-P0007, Rev 0 Material Selection Data Sheet for FEP-VSL-
00001A/B

24590-PTF-NID-FEP-POO0O, Rev 1 Material Selection Data Sheet for CEP-B
00000A5

24590-PTF-NlD-FEP-P0002, Rev 1 Material Selection Data Sheet for FEP-VSL-
00002AB

24590-PTF-NiD-FEP-P000, Rev 0 Material Selection Data Sheet for FEP-CSN-
00003A/B

24590-PTF-N1D-FEP-P0903, Rev 0 Material Selection Data Sheet for FEP-VL-
00001A/B

24590-PTF-NlD-FEP-P0007, Rev 1 Material Selection Data Sheet for FEP-SL-
00002A/

24590-PTF-N1D-HEP-P0008, Rev 0 Material Selection Data Sheet for FEP-RIIL-
00001 04B

24590-PTF-NID-FEP-P0009, Rev 0 Material Selection Data Sheet for FEP-COND-

24590-PTF-NID-FBP-POOl 0, Rev 0 Material Selection Data Sheet for FEP-CON-

00001MBD
24590-PTP-NID-FRP-POOOI, Rev 2 Material Selection Data Sheet for FRP-VL

24590-PTF-NID-JP-POOO Rev 0 Material Selection Data Sheet for ILP-

__________________________BRKPT-00004/6
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24590-PTF-N1D-HLP-P0003, Rev 1 Material Selection Data Sheet for HLP-
VSL-00022

24590-PTF-NID-HLP-P0007, Rev I Material Selection Data Sheet for HLP-VSL-
00027A/B

24590-PTF-N1D-HLP-P00l0, Rev 1 Material Selection Data Sheet for HLP-VSL-
00028

24590-PTF-NlD-PJV-POOOI, Rev 1 Material Selection Data Sheet for PYV-VSL-
00002

24-590 PT'NID-P-VP-POOO 1,Re- MateilSleii aaSetfrPPSB

24590-PTF-N1D-PVP-POOO1, Rev I Material Selection Data Sheet for PVP-
SCB-00002

24590 PTF NID PVP P0002,-Rev-0 Mlaterial Selection Data Sheet for P~VP V0SL
00001

24590-PTF-N1D-PVP-P0002, Rev I Material Selection Data Sheet for PVP-
VSL-00001

24590 PTF NID PWXD P000 1-, e-0 Mafterial Selectiona Data Sheet for PWD VSL
00044

24590-PTF-N1D-PWD-POOO1, Rev 1 Material Selection Data Sheet for PWD-
VSL-00044

24590-PTF-N1D-PWD-P0002, Rev 1 Material Selection Data Sheet for PWD-VSL-
00043

21590 PTF NID PWD P0003,Rev -2 Mafter-ial Selection Data Sheet for TAP VSL

24590-PTF-N1D-PWD-P9003, Rev 3 Material Selection Data Sheet for PWD-
VSL-00015/16

21590 PTF-NiD PID P0005-,R4 Material Selection Data Sheet for WAPXSL
00033

24590-PTF-N1D-PWD-P0005, Rev 2 Material Selection Data Sheet for PWD-
VSL-00033 '

24590 PTF NID PYFP P0006, Bc'jz4 Material elcto Data Shcet for PIAP V1SL
*00046

24590-PTF-ND-PWD-P0006, Rev 2 Material Selection Data Sheet for PWD-
VSL-00046

24590-PTF-NlD-PWD-P0007, Rev 0 Plant Item Material Selection Data Sheet for
PWD-BRKPT-00007/8/9/10/17/19

24590 PTF 'PHD P7/P P0008, Rev 0 Maorial Selectiona Data Sheet for P7/Il)
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24590-PTF-N1D-CNP-P0002
Rev. I

PLANT ITEM MATERIAL SELECTION DATA SHEET

CNP-HX-00002 (PTF)
Cs Evaporator Primary Condenser
* Design Temperatme (*F)(m/oin SMell tide: 250/40; Tube side: 125/40
* Design Pressur (psi&) (nux/nin): Shell sile: 50MV; Tube side: I 00/FV
* Location: outeell

R10682509

1syUWB
A PPWP

Design temperature and pressure information is considered bounding and to be confurmed by Vendor.

Contents of this document are Dangerous Waste Permit affecting

Operating conditions are as stated on attached Process Corrosion Data Sheet

Operating Modes Considered-
* Nonmul opeatiocs

Materials Considered:
mtst R1l1,111 Acceptable Unacteptable

(UNS No.) Cost Material Material
Carbon Steel 0.23 x
304L (S30403) 1.00 X
316L(S31603) 1.18 X
6%Mo(N06367/N089261 7.64 X
Allay22(N06022) 11A X
Ti-2( M0400) 10.1 x

Recommended Material: 304 (max 0.030% C; dual certfied)

Recommended Corrosion Allowance: SheD side and tube side: 0.040 inch (includes 0.024 Inch
corrosion allowance and 0.004 inch erosion allowance)

Process & Operations Limitations:
a None

Please note tut souroe, special nuclear md byproduct nanzials, as
defined in the Atomtic Energy Act of 1954 (AEA) are regulated at
the U.S. Department of Enerpy (DOE) facilities exclusively by DOE
acting pursuant to its AEA authority. DOE asrts, that pursuant to
the AEA.,it has sole and exclusive tesponswbility and authoty to
regulate souce, special nuclear, and byproduct Mtcuials at DDE-
ovned nuclear facilities. Information contained herein on
radionuclides is provided for process description purposes only. This bound doosment contains a total of 6 sheets.

1 544 Issued for Pernitting Use

0 918/W Issued for Pernitting Use JRD APR
REV | DATE REASON FOR REVISION PREPARER CHECKER APPROVER

Sheet: I of6
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24590-PTF-NID-CNP-POOD2
Rev. 1

PLANT ITEM MATERIAL SELECTION DATA SHEET

Corrosion Considerations:

CNP-HX-00002 is a water-cooled, U-tube unit with condensation taking place on the shell side. Product flow
includes excess water from the pre-elution and post-elution rinses from the ion exchange columns.

a General Corrosion
In normal operation, the vessel will contain either treated process water (slightly acidic) or DPW. Based on Uhlig (194),
little uniform corrosion is expected at these conditions. The uniform corrosion rate of the 300 series stainless steels in DIW
at temperatures up to about boiling are generally considered small, <1 mpy. Hanmer (1981) lists acorrosion rate for 304
(and 304L) in pure water of less than 2 mpy (his smallest unit of measurement).

Conclusion:
304L or 316L are acceptable for this system with a probable general corrosion rate of less than I rnpy.

b Pitting Corrosion
With the proposed temperatures, 304L is acceptable under the stated no-chloride conditions.

Conclusion:
The data suggest there are no halides to cause pitting, 304L is recommended.

c End Grain Corrosion
Not believed to be applicable to this system.

Conclusion:
Not applicable to this sysuM.

d Stress Corrosion Cracking
The exact amount of chloride required to cause stress corrosion cracking is unlcnown. In part this is because the amount
varies with temperature, metal sensitization, and the environment. But it is also unlcown because chloride tends to
concentrate under heat transfer conditions, by evaporation, and clectrochemically during a corrosion process. Hence, even
as little as 10 ppm can leand to cracking under some conditions. Generally, as seen in Sedriks (1996) and Davis (1987),
stress corrosion cracking does not usually occur below about 140 F. Further, the use of "L" grade stainless reduces the
opportunity for sensitization.

Conclusion:
The use of 304L is expected to be acceptablk for the stated no-chloride conditions.

e Crevice Corrosion
See Pitting.

Conclusion:
See Pitting

(Corrosion at Welds
Corrosion at welds is not a problem in the proposed environmnet.

Conclusion:
Weld corrosion is not a problem for this system,

g Microbiologically Induced Corrosion (MIC)
The proposed operating conditions are potentially suitable for MIC. However, MIC is not normally observed in operating
systems.

Conclusion:
MIC will not be a problem.

CNP-HX-OD002: Sheet:2 of 6
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Rev. I

PLANT ITEM MATERIAL SELECTION DATA SHEET

h Fatigue/Corroslon Fatigue
Conosion fatigue is a not expected to be a concern.

Conclusion:
Not applicable.

I Vapor Phase Corrosion
Not applicable to this system

Conclusion;
Vapor phase corrosion is not expected.

j Erosion
here are no solids and the velocities are expected to be low. Erosion allowance of 0.004 inch for components with low

solids content (<2 wt%) at low velocities is based on 24590-WTP-RPT-M-04-0008.

Concusion:
None expected.

k Galling of Moving Surfaces
Not applicable.

Condusion:
Not applicable.

I Fretting/Wear
No contacting surfaces expected.

Conclusion:
Not applicable.

m Galvanic Corrosion
No dissimilar metals art present

Conclusion:
Not applicable.

n Cavitation
None expected.

Concluson:
Not believed to be of concern.

o Creep
ne temperatures are too low to be a concern.

Concduion:
Not applicable.

p la dvertent Nitric Add Addition
The contents of the condenser are essentially water with no reportable halides. Tbe lowering of the pH by the inadvertent
addition of nitric acid would be ofuo concerm,

Conclusion:
The recommended maerials will be able to withstand a plausible inadvertent addition of nitric acid.

CNP-HX-00002: Sheet:3 of 6
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PLANT ITEM MATERIAL SELECTION DATA SHEET
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PLANT ITEM MATERIAL SELECTION DATA SHEET

24590-WTP-RPT-PR-04-0001, Rev. B
WTP Process Corrosion Data

PROCESS CORROSION DATA SHEET

Component(s) (NameilD #) Cs

Faciity

In Black Cell?

vaportof prim.., inter- and after- condenser (CNP-HX-00002.3.4)

PTF

No

CNP-HX-00002: Shect:5 of 6
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PLANT ITEM MATERIAL SELECTION DATA SHEET

24590-WTP-RPT-PR-04-0001, Rev. B
WTP Process Corrosion Data

4.1.5 Cs Evaporator Primary Condenser (CNP-HX-00002), Cs Evaporator
Inter-Condenser (CNP-HX-00003), and Cs Evaporator After-Condenser
(CNP-HX-00004)

Routine Operations

The Cs evaporator primary condenser, CNP-HX-00002, is a water-cooled, U-tube unit with condensation
taking place on the shell side. The condenser shell incorporates a condensate sump, which contains a weir
arrangement to control the flow split between the reflux and the overhead product flows. The overhead
product flow includes excess water from the pre-elution and post-elution rinses sent to the Cs evaporator
separator vessel from the cesium ion exchange columns.

To reduce the boiling temperature of the liquids in the Cs evaporator separator vessel, the system is run
under vacuum. This is achieved using a two-stage steam ejector system. Exhaust vapors fiom the ejectors
are condensed in Cs evaporator inter-condenser, CNP-HX-00003, and after-condenser, CNP-HX-00004,
prior to venting to the ventilation system scrubbing equipment. Process condensate from the Cs
evaporator primary condenser and Cs evaporator secondary condenser drains to the acidic/alkaline effluent
vessels, PWD-VSL-00015 and PWD-VSL-00016, located in the PWD system.

The condensate from the condensers has a minimal amount of HNO3, making it slightly acidic but not
acidic enough to warrant neutralization; thus, it will be considered and referred to as process condensate.

Non-Routine Operations that Could Affect Corrosion/Erosion

None identified.

CNP-HX-00002: Shcet:6 of 6
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PLANT ITEM MATERIAL SELECTION DATA SHEET

CNP-HX-00003 (PTf)
Cs Evaporator Inter-Condenser
* Design Temperaur (F) (noxhnin): Shell side: 379/40; Tube side: 12540
* Design pressure (prsig) (n/min): Shell side: 100/FV; Tube side: 00/FV
. Locain*outeel

MSUED BY
RP 0D

R10682510

Design temperature and pressure infornation is considered bounding and to be confirmed by Vendor.

Contents of this document are Dangerous Waste Permit affecting

Operating conditions are as stated on attached Process Corrosion Data Sheet

Operating Modes Considered:
. Nonmi opeariao

Materials Considered:
Material kdativ. Acceptable Unacceptable

(NS No.) Cot Mteral Material
Carbonsteel 0.23 X
304L(530403) 1.00 X
316L(S31603) 1.18 X
6% Mo (N06361089261 7,64 X
Alloy22(N6022) |11.4 X
Ti-2 (R0400) 10.1 x

Recommended Material: 304 (max 0.030% C; dual certified)

Recommended Corrosion Allowance: Shel side and tube side: 0.040 Inch (includes 0.024 Inch
corrosion allowance and 0.004 inch erosion allowance)

Process & Operations Limitations:
. None

Please note that source, special nuclear and byproduet materials, as
defined in the Atotit Energy Act of 1954 (AEA), are reulated at the
U.S. Deplartmt of Energy (DOE) facilities exclusively by DOE
acting pursusnt to its AEA authorily. DOE asse , that pursuant to
the AA. it has sole and exclusive responsibility and authority to
regulate source, special nuclear, and byproduct uterials at DOE-
owned nuclear facilities. Information contained herein on

3 9250
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24590-PTF-NID-CNP-P0003
Rev. I

PLANT ITEM MATERIAL SELECTION DATA SHEET

Corrosion Considerations:

Exhaust vapors from the Cs evaporator separator vessel are condensed in CNP-HX-00003. A minimal amount
of HNO3 is present in the condensate making it slightly acidic.

a General Corrosion
In normal operation, the vessel will contain either treated process water (slightly acidic) or DIW. Based on Uhlig (1948),
little uniform corrosion is expected at these conditions. The uniform corrosion rate of the 300 series stainless steels in DIW
at temperatures up to about boiling are generally considered small, <1 mpy. Hamner (1981) lists a corrosion rate for 304
(and 304L) in pure water of less than 2 mpy (his smallest unit of measurement).

Conclusion:
304L or 316L are acceptable for this system with a probable general corrosion rate of less than I mpy.

b Pitting Corrosion
With the proposed temperatures, 304L is acceptable under the stated no-chloride conditions.

Conclusion:
lte data from the tlowsheets suggest there are no halides to cause pitting; therefore, 304L is recosuncded.

t End Cral Corrosion
Not believed to be applicable to this system.

Conclusion:
Not applicable to this system.

d Stress Corrosion Cracking
The exact amount of chloride required to stress corrosion crack stainless steel is unknown. In part this is because the
amount varies with temperature, metal sensitization, and the envionment. But it is also unknown because chloride tends to
concentrafte under heat transfer conditions, by evaporation, and eledrochemically during a corrosion process. Hence, even
as little as a few ppm can lead to cracking under some conditions. Generally, as seen in Sedriks (1996) and Davis (1987),
stress corrosion cracking does not usually occur below about 1400F. Further, the use of " grade stainless reduces the
opportunity for sensitization.

Concluslow:
The use of 304L is expected to be acceptahle for the stated no-chloride conditions.

e Crevice Corrosion
See Pitting.

Conclusion:
See Pitting

f Corrosion at Welds
Corrosion at welds is not a problem in the proposed environment.

Conclusion:
Weld corrosion is not considered a problem for this system

g Microblologically Induced Corrosion (MIC)
The proposed operating conditions are suitable for MIC if infected. However, infection is considered unlikely.

Conclusion:
MIC is not considered a problet.

h Fatigue/COrrosIon Fatigue
Corrosion fatigue is anot expected to be a concern.

Conclusions
Not applicable.

CNP-HX-00003: Sheet2 of 6
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PLANT ITEM MATERIAL SELECTION DATA SHEET

i Vapor Phase Corrosion
Not applicable to this system.

Conclusion:
Vapor phase corrosion is not expected.

j Erosion
Velocities within the condenser ar expected to be low. Erosion allowance of 0.004 inch for cowponents with low solids
content (<2 wt%) at low velocities is based on 24590-WTP-RPT-M-04-O008.

Conclusion:
Not believed to be a concern.

k Galling of Moving Surfaces
Not applicable.

Condusion:
Not applicable.

I FrettinglWear
No contacting surfaces expected.

Conclusion:
Not applicable.

at Galvanic Corrosion
No dissimilar metals are present

Conclusion:
Not applicable.

a Cavitation
None expected.

Conclusion:
Not believed to be of concern.

o Creep
The temperatures are too low to be a concern.

Conclusion;
Not applicable.

p Inadvertent Nitric Acid Addition
The contents of the condenser are essentially water with no reportable halides. he lowering of the pH by the inadvenient
addition of nitric acid would be of no concern.

Conclusion:
The recomnrded materials will be able to withstand a plausible inadvertent addition of nitric acid.

CNP-HX-00003: Sheet:3 of 6
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PLANT ITEM MATERIAL SELECTION DATA SHEET
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PLANT ITEM MATERIAL SELECTION DATA SHEET
24590-WTP-RPT-PR-04-0001, Rev. B
WTP Process Corrosion Data

PROCESS CORROSION DATA SHEET

Componentis) (Name o#) Cs evaporator prn-ry, inter- and after- condenser (CNP-HX-00002,3,

Facility

In Black Cell?

PYF

NJo

CNP-HX-00003: Sheet:5 of 6
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Rev. I

PLANT ITEM MATERIAL SELECTION DATA SHEET

24590-WTP-RPT-PR-04-00, Rev. B
WTP Process Corrosion Data

4.1.5 Cs Evaporator Primary Condenser (CNP-HX-00002), Cs Evaporator
Inter-Condenser (CNP-HX-00003), and Cs Evaporator After-Condenser
(CNP-HX-00004)

Routine Operations
The Cs evaporator primary condenser, CNP-HX-00002, is a water-cooled. U-tube unit with condensation
taking place on the shell side. The condenser shell incorporates a condensate sump, which contains a weir
arrangement to control the flow split between the reflux and the overhead product flows. The overhead
product flow includes excess water from the pre-elution and post-elution rinses sent to the Cs evaporator
separator vessel from the cesium ion exchange colums.

To reduce the boiling temperature of the liquids in the Cs evaporator separator vessel, the system is run
under vacuum. This is achieved using a two-stage steam ejector system. Exhaust vapors from the ejectors
are condensed in Cs evaporator inter-condenser, CNP-HX-00003, and after-condenser, CNP-HX-00004,
prior to venting to the ventilation system scrubbing equipment Process condensate from the Cs
evaporator primary condenser and Cs evaporator secondary condenser drains to the acidicdalkaline effluent
vessels, PWD-VSL-OO15 and PWD-VSL-OO16, located in the PWD system.

The condensate from the condensers has a minimal amount of HNO,, making it slightly acidic but not
acidic enough to warrant neutralization; thus, it will be considered and referred to as process condensate.

Non-Routine Operations that Could Affect Corrosion/Erosion

None identified.

CNP-HX-00003: Sheet:6 of 6
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PLANT ITEM MATERIAL SELECTION DATA SHEET

CNP-HX-00001 (PTF)
Cs Evaporator Concentrate Reboiler
* Design Temperature M (nax/min): Shell side: 325/40; Tube side: 250/40
* Design pese (psig) (ax/min): Shell side: S/FV; Tube side: 50/FV
* Location: hot cell

RlOOS2511
ISSUED BY

APWw paC

Design temperature and pressure information is considered bounding and to be confirned by Vendor.

Contents of this document are Dangerous Waste Permit affecting

Operating conditions are as stated on attached Process Corrosion Data Sheet

Operating Modes Considered:
. The vessel is at the stated pH agse at fth urnal operating eperature.

Materials Considered:
Mtnial Relative Aceptable Unaecteptable

(UNS No.) Cod Mateslal Material
Carbon Steel 0.23 X
304L(S30403) 1.01) X
316L(S31603) 1.1s X (shell-side)
6% Mo (NO367/N 2O G 7.64 X
Alloy 22 06022) 11.4 X
1T-2 (RSo_ j 10.1 _ X

Recommended Material:
Tube-side components: UNS N06022
Shell-side components (steam): 316 (max 0.030% C; dual certified)

Recommended Corrosion Allowance: Shell side and tube side; 0.040 inch (includes
0.024 inch corrosion allowance and 0.004 Inch
erosion allowance)

Process & Operations Limitations:
* Use DW as pmmcss cooling ntr.

Please note that source, special nuclear and byproduct aterials, as
deflned in the Atomic Energy Act of 1954 (AEA), are regulated at
the U.S. Department of Ener (DOE) facilities exclusively by DOE
acting pursuant to its AEA authority. DOE a&Vmra, that puwsuant to
the AEA, it has sole and exclusive responsibility and authority to
regulate source, special nuclear, and byproduct naterials at DOE-
ow'nd nuclear facilities. Inforntion contained herein Mu
rdiaruclides is Provided for procs description purpws only.
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Rev. 1

PLANT ITEM MATERIAL SELECTION DATA SHEET

Corrosion Considerations:

a General Corrosion
in the proposed pH operating range, little specific information was found for the generaVuniform corrosion of stainless
steels or other material in the given waste. This lack of data is not critical because the alloys needed for the system typically
fail by pitting, crevice corrosion, or cracking. On this basis, a corrosion allowance has little meaning though a nominal
value is given.

Even during high chloride conditions, either 304L or 316L is expected to have a sufficiently low uniform corrosion rate.

Conclusion:
Both 304L and 316L are expected to be sufficiently resistant to the waste solution with a probable general corrosion rate of
less than I rpy.

b Pitting Corrosion
Chloride is notorious for causing pitting in acid and neutral solutions. Dillon (2000) is of the opinion that in alkaline
solutions, pH> 12, chlorides are likely to prnmote pitting only in tight crevices. At pH < 12, chloride can be a concern.
However, Revie (20G) and Uhlig (1948) both note nitrate inhibits chloride corrosion. berefore, the high nitrate
concentrations in the solution are expected to be beneficial.

Because of the high chloride conditions, and the high design temperature, C-22 or better is required for the tube-side
components ofthe reboiler that will be in contact with the waste. For the shell-side, which is in contact with steam only,
304L will be sufficiently resistant Howevr, taking into consideration the relatively elevated design temperature on the
"Ili side and the increased possibility of crevice corrosion, 316L is recommended.

Conclusion:
The high chloride conditions are such that an alloy such as C-22 or better will be required for only the components in
contact with waste. Otherwise, 316L is suitable.

t End Grain Corrosion
Not believed to be applicable to this system.

Conclusion:
Not applicable to this system.

d Stress Corrosion Cracking
The exact anount of chloride required to stress corrosion crack stainless steel is unknown. In part, this is because the
anount varies with temperature, metal sensitization, and the environment. It is also unknown because chloride tends to
concentrate under heat transfer conditions, by evaporation, and electrochemically during a corrosion process. Hence, even
as little as a few ppm can lead to cracking under some conditions. Generally, as seen in Sedrks (1996) and Davis (1987),
stress corrosion cracking does not usually occur below about 1400F. The use of high nickel alloys for the tube-side
components (waste) reduces the susceptibility to cracking.

Conclusion:
With the suggested high chloride conditions, C-22 will be needed for the tube-side components.

a Crevice Corrosion
See Pitting.

Conclusion:
See Pitting.

f Corrosion at Welds
Corrosion at welds is not considered a problem in the proposed environment

Conclusion:
Weld corrosion is not considered a problem for this system.

CNP-HX-0001 : Sheet:2 of 6
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PLANT ITEM MATERIAL SELECTION DATA SHEET

g Microblologlically Induced Corrosion (MIC)
The proposed operating conditions are suitable for MIC. However, MIC is not normally observed in operating systems.

Conclusion:
MIC is not considered a problem.

h Fatigue/Corrmostn Fatigue
Corrosion fatigue is a not expected to be a concem.

Conclusions
Not applicable.

I Vapor Phase Corrosion
Not applicable to this system.

Conclusion:
Not expected to be a concern.

j Eroesion
Velocities within the vessel are expected to be low. Erosion allowance of0.004 inch for components with low solids
content (<2 wt%) at low velocities is based on 24590-WTP-RPT-M-04-0008.

Conclusion:
Not believed to be a concern.

k Galling of Moving Surfaces
Not applicable.

Conclusion:
Not applicable.

I Fretting/Wear
No contacting surfaces expected.

Conclusion:
Not applicable.

en Galvanic Corrosion
No dissimilar metals am presenL.

Conclusion:
Not applicable.

n Cavitation
None expected.

Conclusion:
Not believed to be of concern.

o Creep
The temperatures are too low to be a concern.

Conclusion:
Not applicable.

p inadvertent Addition of Nitrc Acid
Reboiler routinely operates at low pH.

Conclusion:
Not applicable.

CNP-HX-ODOOD : Shcet:3 of 6
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24590-WTP-RPT-PR-04-0001, Rev. B
WT7 Process Corrosion Data

PROCESS CORROSION DATA SHEET

Component~s) (NneD #)

Facilty

In Black Cell?

Cs nporltor separator vessel (CNP-EVAP-OOO1)
Cs concentute reboIler (CNP-HX-00001)

PTF

Yan (CNP.EVAP4000I Onr)

CNP-HX-0001 : Sheet:5 of 6

Chemicals Unit' Contract Max Non-Routine Notes
Lnech woe Wuh LnsCh N1.eah

Aluminum Sa 1.2E401 1.20E401
Chloride g 5.25E+_ _ 5GE_ _

FluorIde 9 6.20E400 7.mE+10 _

Ian gA 1.01E00 1M05E+0

Nitrate g 5.7w.v 5.E+02
Nitrite g_ 2.2!E+t M s. _2E0

Phodhato CA 2.IE401 2.E401

Sulfate an I.12E4Mo 1.25E401
Mercury O 1.72E-02 7SV E-_
Carbonut. 94 3.S!LE+1 4.03E401

UnIssovd wilds is
or (NaMnO4, Pb...) v -

owher ga
pHWNA Nolb2.

'emperature VF N____

List of Organic Species:

References
.my.tmanrIen:24sPW.0.ONPY.C 0D Retr0

Bna alanes oua,.:2400-WW4M44 -l.-000l Raw A

e... . s.mG: CNP0., QWO3 CP12, CNP10,.NP20

:i 1)rm fl uwn ,C tapfe.. ctefio Iom, nne .. elpOA

T ftiRpons WA

Notes:

1p. P " iM l w .314. opa k.W bn~aaa .~s~.Pl1rw ". l re. nPH .. M.5 M Sd.L.
3 T..Tww Mp rT 12 -F to4* 0l440C.CNP.00001,R. 0)-

AssumptIons:
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RevA.

PLANT ]TEM MATERIAL SELECTION DATA SHEET

CNP-EVAP-00001 (PTF)
Cs Evaporator Separator Vessel
" Desi Tenpotrec (F)(nmax/win):250/40
* Design Pressure (psi g)(nnuleratram Ss15
S Loation: incell

186= y
*Wp PDO

Not Design pressure and tcmperafre inftntniion is considered bounding and to be confunied by Vendor.

Contents of this document are Dangerous Waste Permit affecting

Operating conditions are as stated on attached Process Corrosion Data Sheet

Operating Modes Considered:
* Ivedssd is athe nanl op-a161gp ad temPatre

Materials Considered:
Material flease Acceptable UJccsp

(UNS NO. Cot Matei Material
Carbon Steel 0.23 X
304L (s30403) 1.00 X
316L(531603) 1.18 X
6% Mo 0401367N08926) 7.64 X
Al1ov22106022) 11.4 X
TI-2(R50400) 10.1 X

Recommended Material: UNS N06022
Recommended Corrosion Allowance: 0.040 inch (includes 0.024 inch corrosion

allowance and 0.004 inch erosion allowance)

Process & Operations Limitations:
a Non

Pleas note that soumre, special nuclear and bypoduct nuterials, as
defined in the Aomtic Energy Act of 1954 (AEA), are regulated at
the U.S. Depafnt of Enrgy (DOE) faciits exclusively by DOE
actinglpwurt to its AEA aitojity. DOE aswretatpurswaz tor
the AEA, it has sole and eciwly mpslbflty and authority uo
reduldte soure, special nfarar, sd byprduct nrutrpuls at DOE-

owned iclearfa Iitic. hlbnnalnedboenon,
radioudidesisprovided forprccsdesuriptitppsaoly. Ibis bound docunent contains a total of 6 sheres.

1j 61i Is/4 Issued for Pemitting Use A V
0 9/8/04 Issued for Permitting Use DLA SRD APR
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24590-rF-N1D-CNP-PONS
Rev. I

PLANT ITEM MATERIAL SELECTION DATA SHEET

Corrosion Considerations:

Vessel receives eluate from CNP-BRKPT-00002 and transfers the cesium concentrate to ELP-VSL-00029 or
MP-VSL-00027B via lute pot CNP-VSL-00002. Operating temperature range is 122 OF to 140 T.

a Gena Corrosion
Davis (1994) statesthe cornsion rate for 304L in nitric acid will be less then about 0.1 qpy atib bulk tirates.
Norally, at these conditions, zirconium or titanium would be reconended, and a corrosion allowaice of as much as 0.8
inches would be needed for a40 y design li. However, the presence of fluoride will prevent the use of zirconium or
titanium. C-22has a corrosionrateof about I mpy in 5%H4O at boiling. In these solutions with <5% HNOmnd
<c % HO, the conision rate will be malle. he HF is complexed by the excess Alr and is expected to harve little effect.

Concdisfon
In the presence of expected levels of halides, a high nickel alloy such as C-22 will be required. The standard corrosion
allowance of 0.04 inch will be acceptable.

b Pithig Corrosion
With C-27, pitting is not expected to be aproblem.

Condustn:
No significant pitting is expected.

c End Grain Corrosion
Not believed to be applicable to this system.

Caduion:
Not applicable to tbis systan.

d Stress Corrosion Cracking
C-22 is not susceptble to stress corrosion eacking under these conditions.

rndusion:
Not anticipated.

e Crevice Corrosion
See Pitting.

Cldusiom
See Pitting.

I Corrtion at Welds
Corrosion at welds is not a problan in the proposed envirnnmenLt

Con1uSdon:
Weld corrosion is not a concem in diis system

g Microblologlcafly Induced Corrosion (MIC)
The proposed operating conditions are not conducive for MiC.

Candusion:
MICis not considered a problem

It FaigidCorrodon Fatgue
Corrosion fatigue is anot expected to be a concen.

Condusions
Not expected to be a concem.

CNP-EVAP-00001: Sheet:2 of 6
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Rev.1

PLANT ITEM MATERIAL SELECTION DATA SHEET

I vaporPhaseCorrodes
A potential problem wit condensing adda. C-22 s expected to be sufficiently resistant as to eliminate this concen.

Conclusion:
Not expected to be a concam.

j Erdaen
here am no solids and the velocities ae low. Emsion allowance of 0.004 inch for components with low solids content (<2

wt%) at low velocities is based on 24590-WWP-RPT-M-04-00S.

Conclalon:
Not expected to be a concern.

k Gaftg of Movlug Surfaces
Not applicable.

caeduslon:
Not applicable.

I FretinoWear
No contacting suraees expected.

Conchala:
Not applicable.

m GlvauleCorrsdon
No dissimilar metals are present.

Condlon:
Not applicable.

a Cavitaton
None expected.

Conchla:
Not believed to be of concern.

o Creep
The teapatures e too low to be a concern.

Condusion:
Not applicable.

p lnadvertet Nitric Acdd Addition
Vessel normally operates at low pi.

Conauslon:
Not applicable.

CNP-EVAP-00001: Sheet:3 of 6
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24590flF-ND-CNP-POoo
ReV.I

PLANT ITEM MATERIAL SELECTION DATA SHEET
24590-WTP-RPT-l404-001, Rev. B
WTP Process Corrosion Data

.IA CaEnwaObr qrtMm Vend (CNPVaA fl00lCaEwaperatarCOemaent.
B*br (CNN.X'f6St[2 ad Ema (gtberStumprag es(CNP.VSL..

Mnom CNP-BrMOflZ 6rits-tuoiidi ha hpot C?-VSIL000I. Mothe eputs
eS, COp4VAP40001 Th Ca ewd makr dtep, C-VMsAOO1, Wideslamaun0al a

betwes CQIPMT4OOC S toCacvqpoirfl auztrs edCOfAAUOI.'The cin
mgoattis m.a -iuacdievapator uguutvutu s Agtsr*dntamditto

urnW!i.-VMA0mms2 LP-VSAOOZIB ftELPnyw)m

wemas - prato fut 6W 0ASSec Canudcihmrln
E0S HLP yes omot wooF esOSmtoS laolmstth!.iUnof anquiudla.ufr ,S dtab

ccMedimy - ngem& OCPVSLICOOS, will rie htuluf.
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PLANT ITEM MATERIAL SELECION DATA SHEET

CNP-VSL-00004 (PTF)
Cs Evaporator Recovered Nitric Acid Vessel
* Design Tnerature ( PXaxi) 25$40 o B
* Deoidprcamne P)(MPaxwmi): IsFV
* Location: ncHI
* PIM Diasclrp Velocity (pe): 40
SDdve Cycle: 17% (t40 fps)

I1 IE IIIIEIII
R10685020

Offspring items
CNP-PJM-)0019-CNP-PJM-002
CNP-VSL4I0162. CNP-RFDOOO5

Contents of this document are Dangerous Waste Permit affecting

Operating conditions are as stated on attached Process Corrosion Data Sheet

Operating Modes Considered:
a The vend is at the xawd pH at de norm cpaning tempcawe

Materials Considered:
flnelsi Riladve Atepetble Umaeepeabe

(UNSN.,) Cost Iatedal Malarial
Carbon Steel 0.23 x
304L (W30403) 100 X
316L (S31603) .18 X
6% Mo (N0367/N0926) 7.64 X
May 22 (N06022) 11.4 x
IM-2(100400) -T 16., x

Recommended Material: 304 (max 0.030% C; dual certified)

Recommended Corrosion Allowance: 0.040 inch (includes 0.024 inch corrosion
allowance and 0.004 inch erosion allowance)

Process & Operations Limitations:
0 Develop iinsgfluzahing procedure for acid and water

Please note that so es, special mclear and byprodut naterials, as
defined in te Aordc Engy Ant of1954 (AEA) iregulated at the
U.S. Depnnent of Enery (DOE)frilties eclnuavelyby DOE
acting pusuant to its EA autWty. DOE asset, iht punuant to
the AVA, it. sole and exclusive mponsibffity and authority to
regulate smre, special mesr, ad byaduetamterials at DOE-
owned nuclear hallies. naformation contained hbein an
radionudides is provided forprocess deacription purposes only.

[EXPIRE' 121070

Tis bound document contains a total of6 sheele.
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24590-PTF-NID-CNP-P0006
Rev. 3

PLANT ITEM MATERIAL SELECTION DATA SHEET

Corrosion Considerations:

CNP-VS00004 stores recoveredmitric acid from CNP-DISTC.00001 at between 115 OF and 140 OF.

a Ceseral Cotro mn
Ham (1981) HIs a corrosion vat for 304 (and 304L)in 2 Mh HNO ofless Sm , 2wrpy. Davis (199 states thecorosion rate for 304Lin
12% HNO, win be kas dm about I rpyup to about212F.

Concdsm
304L is expensed tobe sufficiently resiant tot waft solution with a probable general conosion ift of Its tha I y.

bFt WagCmernvelo
With ftt stated conditions, 304L will be adeqtf.

Condusmom
The dna provided suggest these a Insutifficikt balides to cause pitting and 304L would be adequate.

c End Grain Corresion
Not believed to be applicable to this sytm.

Condusim:
Not applicable to this systn

d Stres. Corrosion Craeldat
The soat amnt of chloride required tontes aonoitanrack saindes. staell imknown. binatthis is because the amnt viis with
eaperature, Jetal senitization, and die aivironmnt But it is also unknown because chloride alnds to concaitrale under heat tnmfer
caiditionsbyevapoation, and clectochbaicahly duiing acorrosionprocess. Hence, em'N XSl ns few ppmcmig lad eawingwider
mmconditions. Generally, a seen in Sedriks 0996) and Davis (1987),sI s corosion cracking does notusually ocesrbelowabout

140"F. Fbrthcr, the us' ofL" grade stainless reduces the opportuity for sensitiwion. At the ooncntratiats of chloridexpcted,304L
%ill be satistary.

Condusion:
The use of 304L is expected to be acceptable for chloride free conditions.

eCrevieeCorreadon
SeePitting.

Comchsiott
See Pitting

f Coromsion at Wels
Corrosion at welds is not considered a problem im the proposed avironmet.

Conchslm:
Weld corrosion is not considered a problem r this system

g Microblologlealy Insed Corrodon (MC)
'Ile proposed operating condiwws m amralynot acceptabl for ME.

Conduslow:
Not considered a concern.

h FatlguafCorrosloan Fatigue
Corrosion fatigue is not expected to bc a canmul.

Condmions
Not a cattanL

I Vapor Phm Corroess
Not expected to be a concm

Conclsam:
Vapor phas corosias is ts expected.

CNP-VSL-00004: Sbcct:2 of 6
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PLANT ITEM MATERIAL SELECTION DATA SHEET

24590-WTP-RPT-PR-04-0001, Rev.B
WTP Proes Corrosion Data

PROCESS CORROSION DATA SHEET

Component(s) (NameAD#) Evaporalor recovered nWde add vessel (CNP-VSL-00004)
Cs evaporator nitric acid dilatlon cohxnn (CNP-DISTC-OO1)

Facilty

In Black Cell? Yes only CNPA-SLO04)

CNP-VSL.00004: Sheet:5 of 6

Chm____s Unit1  Contrat Max Non-Routine Notes
Lw*e. No IOa Lefth No Ldeh

AIuminum &Sm asca &U244
l0"lde d 4a&04 &12E04

FMuordde 0g __

Nrate g_ _ _I_

it.t! g1 11ES04 8.11E04
Phpae gL & tOd &SW" i04E_3
Itf ate t3w& 4OI _E44

Mercury ___________ ______

aonnt. & t - 0S i.82E 0 3S
Udilssolwd solids wL%

h NatO4, Pt...) -_

pH RWA Not& 3
Tep.Fut F N0%s2

Note 4

List o rganic 6pclew

Meses kne Deomiit 248S'W.N-4C.V11T.1' Rev

rel fle I n

tComrng hsrm ts I0lOdo fl055ddt be sthaltMsbbuetfisgnfinSdnwe.
IfrlSltlwI 115?t $40 (2CMPTF4IEGQ.P4OWI1. RC)

4.2M nd k seddbsfdtotwevtssl.

1. BsedqnthnpmeacraotaMHN~OlMenitecnrtflanbh spflt be ppw'ooak431 gA(24380WTPM4E.VIIT.01,ReMA)
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PLANT ITEM MATERIAL SELECTION DATA SHEET

24590-WTP-RPT-PR-04OO1, Rev. B
WTP Process Corrosion Data

4.1.3 Cs Evaporator Nitric Acid Diadilatlon Column (CNP-DISTC-fOCO1),
Cs Evaporator Recovered Nitric Acid Vessel (CNP-VSL.00004)

Routine Operations
Nitric acid vapor enters the nitric acid distillation column, CNP-DISTCl0001, which separates water
frin abe acid. The recovered nitic acid is stored in the Cs evaporator recovered nitric acid vessel
CNP.VSL.00004. During elition, nitric acid is pumped forn the stomage vessel by the Cs X feed pump,
through the feed cooler, and distributed into the system CXP ion exchange colnums.

Non-Routlae Operations that Could Affect CorrosionlEroslon

None identified.

CNP-VSL-00004: Sbeet:6 of 6
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CNP-BRKPT-00002 (PTF)
Cs Eluste Breakpot
* Design Tempere (F)(rx/wdn): 372/40
* Design Pressure (psig) (intermal/extemal: IS/FV
* Location: inle

1RiNCOBOGOS1

iSSUED a
apP.WYP PVC

Contents of this document are Dangerous Waste Permit affecting

Operating conditions are as stated on attached Process Corrosion Data Sheet

Operating Modes Considered:
* The brcakpot is intmally empty and at Gmbient tecrature.
* Opeastio at :prarcn ppchving the mairxandesign temperature is expected to be of short duration.

Materials Considered:
Material Relayle Acceptable Unaceqptable
USN. Cast Material Material

Carbon Steel 0.23 x
304L(S30403) 1.00 x
316L (S31603) 1.18 X
6% Mo (N03367/N08926) 7.64 X
Alloy22(N06022) 1IA X
Ti-2 (R50400) 10.1 _ X

Recommended Material: 304 (max 0.030% C; dual certified)

Recommended Corrosion Allowance: 0.040 inch (includes 0.024 inch corrosion
allowance and 0.004 inch erosion allowance)

Process & Operations Limitations:
. Develop procedure to flush thoroughly with water after use with alkaline solution.

Please note that source, special nuclear and byproduct ruaterials.as
defined in te Atonic Energy Act of 1954 (AEA), - regulated at
the U.S. Departient of Energy(DOE) fcilitiaesnelusively by DOE
actingpursuant to its AEA authoriy. 002 nanetat pursuant to
the AEA, it has sole sad usive responsbility and authority to
regulate soure, special nuclear, and byproduct mnaterials at DOE-
uwncd nuclear facilines. Information conained hetin on
radionuclides is provided for process description purposes on ly,

39MMM

EXPIRES: 1207/3

This bound documn contains a total of 6 sheens.

Xssued forPermitting Usc .n l'
0 6/22/04 Issued for Pernittin Use DLA JRD APR

REV _DATE REASON FOR REVISION PREPARER CHECKER APPROVER
Sheet: I of6

I



24590-PTF-NID-CNP-POOOS
Rev. I

PLANT ITEM MATERIAL SELECTION DATA SHEET

Corrosion Considerations:

During the cluticn cycle the eluste ces froa, CXP-1XC-MOOO1I2/3/4 to CNP-BRKPT-00002 and then to CNP-VSL-0000I. The clution
cycle is I5 hrs and is nonmey at an anbin tmpemture of 77 *F. he mfximwm operting lemperalure of 140 F is attributed to
cfrcumane~s whre neutralized Cs concentrate (approx pH 14) could be tmnsfrred from CNP-VSL-OOO3 (the contingency vessel) to
CNP-BRXPT-00002. However, this is not a likely route for tranlser andti for the purposes of di evaluation r considered infrequent. The
bmkps could also sec Snm, ttmipatujes dwing trais,. These high-merature condition. arc assumed to be of short durantion. lids
evaluation is based en a nomkal operting ternperture of 77*V.

a Genra Corroslo
At the expected pH, little specific informaon was found for the gcneralunifrn corersion of stainless steels or ether nterial in the given
wasts. Typicay, the auseenitic and higher alloy sleocs arm expected to have crosion rates of less than about 4 rpy in HNO at the
rmnimum tcemmre. This lack of data is not crtical because the alloys needed for Ihe system typially fait by pining, crevice corrosion,
orcradking.

H mer(1981) list, the coeasionrate forboth 304L and 316L as< 2 spy at temrpemurcs tp to 150F. Based an estimates fsom
Cole (1974), corrsicn raes for all of the concentrations <4 M and .t teperatures to boiling are expeced to be less than I lpy.

CondhrsIce:
Under the stated eonditions, 304L is oxpenctd to le sufficiently resistant to the waste solution with a probable general carosion rate oflens
than I apy at up to WF.

h Pung Csrrosl
With the stated conditions, 304L will be adequate.

Condur*.:
The data from the flowsheets suggest there stre insullicient halides to nusc pitting in 3ML

c End Gral. Corroasio
Not believed to be applicable to this system.

Conduiown
Not applicable to this system.

d Stres Corosion Cradldg
The met amount of chloride required to snrcal conasion rack stainless steel is unknlown. In part this is because the amnunt varies with
tnrsrcture, wenl sensiization, and the envimnonrt. But it is also unknown because chloride tends to concentrate under heat transfer
conditions.byevaponrtion,and elctrachonicallyduringa corrosionprocess. Hence,eve astittcas afwppmea.leadtocrackingunder
somc conditions. Generally, as seen in Sednlk (199G) and Davis (1981), stns corosion cracking does not usually ccur below about
140-F. Further, the use of r" grade stainless reducms the opportunity for erecting.

Condludon:
The use of304L is recommended.

* Crele Corscalc
See Pitting.

Se Pilting.

f Corrosioa at Welds
Corrosion at welds is not a problem in the proposed environment

Weld corrosion is no( considered a prblem.

g Migobhlegically Indueed Corsion (MIC)
The proposed operating conditions ar not suitable for MIC.

Conctusion:
MIC is not considered a problm,

h FatiglucCorroslso Fatigue
Corrosion fatigue is not expected to be a concern.

Condusiont
Not believed to be a conrrn.

CNP-BRKPT-00002. Shet:2 of 6
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I Vapor phase Carroen
Vapor phase ctmsion is not expected to be a concem. Further. the presence of wash Tinp indicates deposit can be preveat.

Concdimon:
Not expected to be a conce.

j Emaom
Velocities within the vessel are expected to be low Erosion allowance of 0.004 inch frcompontoes with low solids content (<2 wt%) at
low velocities is based on 24590-W-f-RPT-M-04-OO8.

Cond mion:
Not expected to be a concern.

k Galling of Moviqg Sur fams
Notapplicable.

Condeuson:
Not applicable.

I Frdtiag/Wnr
No cotacting surfaces expected.

condlusion:
Not applicable

m Gaivank Corroson
No dissimilar nmtab are wes t.

Condwion;
None anticipated.

a Cavitation
None expected.

Conduion
Not believed to be of concern.

0 Crep
ebo tiqnemruu are too low to be a concern.

Conclusion:
Not applicable.

p Inadvertent Nitrie Acid Addition
Breakpa wfll see low pH conditions during nnAl opemtions.

Condrjayon:
Notapplicable.

CNP-BRKPT-00002: Sheet:3 of 6
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24590-WTP-RPT-PR-04-001, Rev. B
WTP Process Corrosion Data

PROCESS CORROSION DATA SHEET

Component(s) (Name#ID S)

Facility

In Black Cale?

Cs concentrate breakpot (CNP.BRKPT-M2)
Cs eaporator eluate lute pot (CNP-VSL-OMO1

PTF

Yes

Chemicats Unit Contract Max Non-Routine3  Hot
Leeds NoLdtth L.ach N otaCh

AluinhtUM 0 2.30F1 2.31E-01
Chloride g 9.86E12 1.0U__ _ _

Fluoride 1.05E4I1 1.26E41
lun gL 1.69E-! LIE-02
Nitrate gnL .4Em 8.81E+00 4.46E-04 4.4604
Nite an 4.B-01 sin-c0
Phosphate CA .5

1 f- _ 1312-01
&Ne CA I 8e&Q1 2.2401

Mercury &47E-04 1,A2E-04
Carbonate 71eoa- 724Er"
Undissolved solids VA%

Other (NaMnO4, Pb,...) -
othr

pH W/A AWsmpdon I
Temperature Not .2

List of Organic Species:

References
Platt eiri: mw907FP.4-=1 tt@0, Va

J N Dmavinpi , aVii 'KN OD. v ,n o t-a
CirNone etl hee #(e~.,ovrflv seleiervommel): Cl@01 WId crg

2:590PIF46-V17T-P71, Rwvl
Gemis m R cIAM

Hote&
1. concn..Nhl WINuOwNi 10x g! S o- M.dto Mrepodt iwSelhM. uiNN A a ma.

fbupot Sm Ib Ldtrrmurer.T!I WepllqsIn*.Ma l.ynd 9"b"WIonmi.t .Sc Rb the
Vasti, Imet pm nsvr W F(.ke) lo UO (-ssowWCapctoi Rwv 0)

3, ascI hW'gr (CW01)

Assumptions:
1. tesMCAPF12 pot .Ionrise PHnO 0A.CXP11 NUiONtt..mpHsp...0i0rm.

CNP-BRKPT-00002: Shoct5 of 6
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CNP-VSL-00003 (PTF)
Eluate Contingency Storage Vessel
* Design Teapee CFXtxhin): 255/40
* Design PreeW(pSig) (nuxhin): 15FV
* Location: kel
* PIM Dislrse Velocity (*s) 40
* Drive Cyl 17%(at40 fbs)

WUED By
pMPDoo

Off spring items
CNP-PJM-00013,CNP-PJM-00014,
CNP-PJM-00015,CNP-PJM-0016.
CNPVSUO0l6E, CIP-UPtD0003

Contents of this document are Dangerous Waste Permit affecting

Operating conditions are as stated on attached Process Corrosion Data Sheet

Operating Modes Considered:
SMe vessel is pH 03 at te nonul operatng teoweabre

* lb vessel is pH 14 athe ucnul operaltig tauparatzr
* Caustic available to wasb rings ad for nmzaliatioa r to butfer

Materials Considered:
Material Reladwve Aceeptajie U=acwptabl

(UNS&N.) Cost Material Material
Carban Steel 023 X
304L (S30403) 1.00 X acket oly)
316L (31603) 1.18 X
6% Mo (N05367/N08926) 7.64 X
A~oy 22(106022) h. X
71-2 (R5040) 10.1 x ---- i

Recommended Material: Vessil: 316 (max 0.030% C; dual certified), or better
Jacket: 304 (max 0.030% C; dual certified), or better

Recommended Corrosion Allowance: 0.040 inch (includes 0.024 inch corrosion
allowance and 0.016 inch general erosion allowance; additional
localized protection required and discussed in section j)

Process & Operations Limitations:
* Develop pwcedwe for thoroogh flushinghitsing prior o addition of acid solutions.

Plea note that source special nuclear and byproduct nuterials, as
defined in the Aftic nergy Act of 1954 (AEA), wee regulated at ft
U.S. Departunt of Enery (DOE) faclities excusively by DOE
actingpurwuant to its ABA antloity. DOE macsts, that pususotto
the AEA, ithas sole and exclusive sponsibiity dauthority to
regulate su-e, special unclea, and byprduet aterkls at DOE-
owned nuclear facijides. informsuien eonbined berein at
radionuclides is provided for process desacipdmpurposcs only. This biund document contains total of7 shees

I Imsed for Permitting Use

0 6/25/04 Issued for Perruittint Uts DLA JRD APR
REV DATE REASON FOR REVISION PREPARER CHECKER APPROVER

sheet: I 1OfL
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Corrosion Considerations:

Vessel is available to receive Cs concentrate and Cs eluate from the Cs evaporator breakpot Also, if the HLP
system cannot accept a required trawsfl, CNP-VSL-00003 is available to receive the transfer.

a General Corrosion
Hamer (1981) lists a corrosion rate for 304 (and 304L) in NaOH of less than 20 ropy (500 pm/y) at 770 and over 20 mpy
at 122F. He shows 316 (and 316L) has a mae of less than 2 rpy up to 122F and 50% NaOH. Dillon (2000) and Sedriks
(1996) both state that the 300 series alloys are acceptable in up to 50% NaOH at temperatures up to about 122? or slightly
above. Davis (1994) states the corrosion rail for 304L in pure NaOH will be less than about 0.1 rpy up to about 212?F
though Sedriks states the data beyond about 1220F are incorrect. Uhlig (1948) shows the rate in water is<1 mapy.

Hamer (1981) lists a corosion rate for 304 (and 304L) in 2 M HNO3 of less than 2 cpy. Davis (1994) slates the corrosion
rate for 304L in 12% HNO% will be less than about I copy up to about 2120 F.

Conclusion:
316L is expected to be sufficiently resistant to the waste solution with a probable general corrosion rate of less than I upy
under an expected conditions.

b Pitting Carroulen
Chloride is notorious for causing pitting in acid and neutral solutions. Dillon (2000) is of the opinion that in alkaline
solutions chlorides are likely to promote pitting only in tight crevices. At pH < 12, chloride can be a concern. However,
Revie (2000) and Uhlig (1948) both note nitrate inhibits chloride corrosion. Themfbre the nitrate concentrations in the
solution are expected to be beneficial and either 304L or 316L can be used if the chloride conditions stated are met.

Some potential exists for pitting if the vessel contains waste, cooling fails and the solution begins to evaporate. Then
chloride could concentrate at the interface making 316L marginal. However, conditions with hot solution are not
anticipated.

Conclusion:
Under the slated conditions, 316L is the minimum alloy recommended. Evaporative conditions with sdt concentrations at
the interface are not anticipated to be a frequent occurrence.

c End Grain Corroeson
Not applicable to this system

Conclusion:
Not applicable to this system.

d Stress Corros"on Cracdag
he exact amount of chloride required to sness corrosion crack stainless steel is unknown. In part this is because the
amoint varies with tcpertme, metal smsitization, ad the enviroment. But it is also unknown because chloride tends to
concentrate tnder beat fransfrr conditions, by evaporation, and electrodhentally during a corrsiai process. Hence, even
as little as a few ppm can lead to cracking aider some conditions. Generally, as seen in Sedriks (1996) and Davis (1987),
stress corrosion cracking does not usually occur below about 14007. Further, the use of "OL grade stainless reduces the
opportunityforsensitisation. The use of 316L is preferred over 304L because of greater cracking resistance.

According to Sedriks and Dillon (2000),, caustic cracking tends not to occur below 140"F, though Zapp suggests the
temperature may be as high as 21207. The high nitrate concentrations may inhibit pitting and cracking.

Some potential exists for cracking if the veinal contains waste, cooling fails and the solution begins to evaporate. Then
chloride could concentrate at the interface raking 316L mnarginal. However, conditions with hot solution are not
anticipated.

Conclusion:
Because of the normal operating environment 316L stainless steel is expected to be acceptable. Evaporative conditions are
not anticipated to be a frequent occurrence.

CNP-VSL-OOOO3: Sheet:2 of 7
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e Crevice Corrlosn
See finin

Conclusion:
See Pitting

I Corrosion at Welds
Corrosion at welds is not considered a problem in the proposed environment

Conclusion:
Weld corrosion is not considered a problem for this system.

g Microbiclogleally Induced Corrosion (MIC)
The proposed operating conditions are suitable for MIC. However, MIC is not normally observed in operating systems
except for those exposed to untreated process water.

Conclusion:
MIC is not considered a problem.

h FatigueiCorroslon Fatigue
Corrosion fatigue is a not expected to be a concern.

ConcusIons
Not applicable.

I Vapor Phase Corrosion
Due to agitation, some splashing is expected. Therefore there will be liquids on the dome of the vessel. This is not expected
to be a concern because of the high nitrate content.

Conclusion:
Vapor phase corrosion is not expected.

j Erosion
Based on past experiments by Smith & Emore (1992), the solids are soft and erosion is not expected to be a concer for the
vessel wall. Based on 24590.WWP-RPT-M-04-0W8, a general erosion allowance of 0.016 inch is adequate for components
with maximum solids content up to 27.3 wt. Additional 316L stainless steel should be provided as localized protection for
the applicable portions ofthe bottom head to accommodate PM disdharge velocities ofup to 12 ms with solids
concentrations of 2 wt6/for a usage of II % operation as documented in 24590-WP-MOE-50-00003. CNP-VSL.OOO3
requires at least 0.016-inch additional protection. The 2 wt% is considered to be conservative and is based on the WIP
Prime Contract maximam. During normal operation, the solids content of CNP-VSLO0003 is expected to be well below the
anticipated maximum

The wear of the PJM nozzles can occur from flow for both the discharge and reflood cycles of operation. At least 0.010-
inch of additional 316L stainless steel should be provided on the inner surface of the PJM nozzle to accommodate wear due
to PJM discharge ad suction velocities with solids concentrations of2 wt% for usage of I I % operation as documented in
24590-WTP-MOE-50.00003.

Conclusion:
The recommended corrosion allowance provides sufficient protection for erosion ofthe vessel wall. Additional localized
protection for the bottom head will accommodate PJM discharge velocities and for the PJM nozzles will accommodate PJM
discharge and reflood velocities.

k Galling of Moving Surfaces
Not applicable.

Conclusion:
Not applicable.

I Frettiag/Wear
No contacting surfaces expected.

Conclusion:
Not applicabl.

CNP-VSL-00003: Sheet:3 of 7
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m Galvanic Corresion
No dissinilar metals are present.

Ccaeion:
Not applicable.

a Cavitation
None expected.

Condusion:
Not believed to be ofcocem.

oCreep
The emperaumes am too low to be a concem.

Cendeusion:
Not applicable.

p Inadverteat Nitrik Add Addition
Vessel norrually opeates at low pH.

Conchueon:
Not applicable.

CNP-VSL.00003: Sheet4 of 7
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24590-WTP-RPT-PR-04-0001, Rev. B
WTP Process Corrosion Data

PROCESS CORROSION DATA SHEET

Camponet(s) (NarnSD #)

Facility PTF

YeaIn Black Cell?

Eluate contingency vessel (CNP-VSL-0DO03)
Eluate cotimer brmakot (cNP-BRKPT.00001'

CNP-VSL-00003: Sbeet6 of 7

Chemnicais Uni Contract Max Non-Routhus 4 Notes
Lmad No Wah Le h No dLeach

Ahaninurn g 1.17E1 1.0E+41
Chlorde g 4.61E00 5,02E+00
Fluoride gnL .38E+00 &1E+OD
Iron a &80E1 &.97E0I1
Nitrate g 4.93E+02 4.4E+02
Nitrite on 2.49E+L1 2.77E+01

hosphae an 180E+0i 1.92E+1
ulfate o 9.8E00 t .0 106&01

Mercury g, I47E-02 8.716E03
ronate n 3.3E+01 143E.01

Undissolved solids wus _

Other tNaMnO4. Ph. ..ag _

Other 01
pHWNA NWMe3

mierature +V ND*_2

SNot4

List of Organic Species:

References
Slli eapn:245.0PW3YD.iO4xx1 Ray 0

16m EhlOne DorWnl~t 2IGOOWrhIAtC-V11TS.D5 FRs A
Nmt Iipit am*On CPI2. CP4,P11& CWIIP1=11nilfii sh m aeg wiess zlo ONesi N CXm 1

s:24600.PTFJA6-VIT17 L 14RWI

(a Rwpt NA

Notes:
1. cin.niuk, slth ixr4gd. otuieibt rqndektie. ueseflnrllastd Ir

.nbaIstrsbr. lie Is ptinwrnnalyemrdlantmpemtarrotlrm.

CNPV&TA00TnonmaiW pur.,779'(FSateas)tP1409(24500.PrlWMC-IcA4 01,Ry0)
Oo*ipWmmcfl ywandIs wcSd -acw*eM ybam.

Avs ,,s;vnci a t a 0. em.ee bECtF, taho rnmn.Va BtpCoafrtattet
nS*OC~d t p$*flo. l4 WinhtiglsVCO, F, at. h0iisn p1 assda0.M ann ak.

*. tie CxPii inlhoa m wc s C?0'C21 it CXP2Id flnfl ppe h it fian eaeba. he flgetSniam t~i aMhvs

Assumptlons;
(Nv1 hsiacwtoniny VaestandWd tortal wat. aia haiel fl. Its stvat*to racea Ca ComnalSand C atl.
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24590-WTP-RPr-PR-04-001, Rev. B
WTP Process Corrosion Data

4.1.4 Cs Evaporator Separator Vessel (CNP-EVAP-d0001), Cs Evaporator Concentrate
Reboiler (CNP-HX-0000), and Elnate Contingency Storage Vessel (CNP-VSL-
003)

Routine Operations
Elut friom CNP-BRIUPT-0002 is gravity-fed through a lute pot, CNP-VSL0001, into the separator
vessel, CNP-EVAP-O001. '11 Cs evaporator luabe lute pot, CNP-VSL-0001, provides a vacuum seal
between CNP-BRKPT-00002 and the Cs evaporator separator vessel, CNP-EVAP-00001. The cesium
concentrato is transfred from the Cs evaporator separator vessel using traIs ejectors to send it to
vessel LP-VSL-00028 or HLP-VSL-4002Th n the HLP system.

Non-Roulnde Operations that Could Affect CrrodIonErUIoon

If the HLP system cannot accept additional volume at the time ofa required tansfer, 6e eluate
contingency storage vessel, CNP-VSL-00003, will receive the trnsfer.

CNP-VSI00003: Sheet7 of 7
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CNP-BRKPT-00001, (PTF)
Cs Concentrate Breakpot
* Design TemperantUrF) (nnx/in): 372/40
* Design Pressme (psig) (intena/extemsa); 15/IV
* Location; incel

R10667001

ISSUED BY
RPP-WTP PDG

Contents of this document are Dangerous Waste Permit affecting

Operating conditions are as stated on attached Process Corrosion Data Sheet

Operating Modes Considered:
* The vend is nettrwlly empty mnd at ambient lemperalue

Materials Considered.

Material Relatve Ateptable lihcceptable
(UNS No.) Cast Material Material

CrbanStWd 0.23 X
304L(S30403) 1.00 X
316L(S31603) 1.18 N x
6% Mo (N0367/N08926) 7.64 X
Alloy 22(N06022) 11.4 x
Ti-2 (R50400) 10,1 x

Recommended Material: 316 (max 0.030% C; dual certified), or better

Recommended Corrosion Allowance: 0.040 inch (includes 0.024 Inch corrosion
allowance and 0.004 inch erosion allowance)

Process & Operations Limitations:
* Develop procedure for torOugh removal of caustic solution hyrinsinp/flushing befoet adding acidic solutions.

~f. J/s/be.

1EPRE' 1ZV7VG
Plasc note that sourc, special nuclear and byproduct nilerials, as
defined in the Atoic Energy Act of 1954 (AEA), art regulated at
6he U.S. DepaTment of Energy (DOE) facilitics exclusively by DOE
acting pursant to its AEA authority. DOE sasn, tit pursranto
the AEA. it bas sole and exclusive respnsilility and audwrity to
rglate source. spcial nuclear, =nd byproduct naterials at DOE-
nd nuclwa facilities frmawion contained kerei on

radimomelidu is provided for process description pupos only. nis botmd document contains a total of 6 sbects.

I Issued for Pemitfing Use

0 6/3/04 Issued for Permitting Use A JRD APR
REV DATE REASON FOR REVISION PREPARER CHECKER APPROVER
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PLANT ITEM MATERIAL SELECTION DATA SHEET

Corrosion Considerations:

This vessel is normally empty but is available to receive recovered acid flows from the Cs evaporator nitric acid rectifier or
from the Cs ion exchange columns or Cs concentrate from the Cs evaporator separator vessel.

a Ceneral CorrosIan '
Hanmcr(1981) lists a contsin 'ac forBO4 (and 304L) in NaOH of icas than 20trpy (500 pny) at 77FI andover 20npyat 122F. ic
shows 316 (and 316L)bhas a nte of kss tw2 mpy up to l22Fand 50%NaOI4. Dillw (2000)wd Sedniks (1996) bohl state tbatte3OO
series alloys are acceptable in up to 50% N3OH at tenpealures up to about 122'F or slightly above. Davis (1994) states the corosion rate
for 304L in pure NuOH will be less than ,bout 0.1 rpy up to about 212*' though Sadnks stathe data beyond about 12201 are inconect.

Haner (1981)lists a conosion rate for 304 (and 304L) in 2 M HNO, ofless than 2 rpy. Davis (1994) states the corosion rate for 304L in
12% HNO, vill be less than about I mpy up to abt 2129F.

Cancdsatan:
3161 is expected to be sufficiently resistant to the waste solution with a probable general conosion mte of ls than I mpy at the slaid
conditions providing breakpols a flushed before acidic solutions ae introduced.

b Pitting Corrosion
Chloride is notorious for causing pining in acid and vtmi slutions. Dillon (2000) is of the opinion that in alkaline solutions, pFk12,
chlorides are likely to prownote pittng only in tight crevices. AtpH<12. chlorid can beaconeem. Hoaswvr, hevie (2000) and
Ublig (194) both note nitrate inhibits chloride cornsion. Thereflre the nibsai concentration in the solution is expected to be beneficial
and 316L can be wed ifm hemindeconcenfratianot tirs than stated.

Conclusions
Linda the stated conditions, 316L is the reniunumalloy reconmended.

e Ead Gria Crreslen
Not applicable to this system.

Coreusion:
Not applicable to this syMten.

d Strea, Carrouln Cracdg
The exact amnwat ofchloride rcquired tosts oerosico Crack stainless steel is ,mknown. In pa this is because the anount aries with
umpeature, rtial sersitization, and the envirmwtt. t iIs also unknown becase chloride tends to concestrate under heat transfer
conditions, by evaporation, and electrochemically during a corrosion prcess. Hence, even as little asa few ppm can lead to cracking under
some conditionu. Generally, as seen in Sedrilas (399) and Davis (1987), sas conosico cracking does not usually occur below about
140-F. Further, the pse of"L grade stainless redces the opportunity for sensitization to cracking.

Conclusions:
At the noral operating envirotinient 316L stainless steel is expected to be acceptable.

* Crevice Corrosion
See Pitting.

See Pitting

f Comreson at Welds
C'rmion at welds is not considered a probemin the Proposedenvinxmmtt.

Cowiusion:
Weld cosreion is not considered a pmblem for this system.

g Microbiblogcally Induced Corrosion (OC)
The proposed operating conditions are suitable for WC. liowever MC is not normally observed in operating systems except for those
exposed to unteated process water.

MC is not considered a problem.

h Fatilge/Cwrneosn Fatigue
Conotion htigue is a not expected lobe a conern.

ConcstoAs
Not believed to be a concern.

CNP-BRIXPT-0000: Sbeet.2 of 6
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PLANT ITEM MATERIAL SELECTION DATA SHEET

I Vapor Phase Conroson
No vapor phase cornosion is expected.

Condushan:
Not applicable.

jErosion
Velocities are expected to be low. Erosion allowmac of 0.004 inch for components with low solids content (< 2 wt%) at low Vetocilies is
based on 24590-WIP-RPT-M-04-0008.

CondurAn:
None expected.

IsGlling of Moviag Sarfaces
Not applicable

Cumdarin:
Not applicable.

I Frettglwngor
No contacting surfaces expected.

Conduion:
Notapplicable.

- Galvanic Corosion
No dissimilar anttals ateapresait.

Con mcslo:.
Not a concer.

a CavitatioS
None expected.

Con Csion:
Not beievel t be of conten.

o Creep
The ternwctures are too low to be a concer.

Conduion:
Not applicable.

p Inadvertent Nitric Acid Additiom
Highe chloride vntcnts and higher temperatures usually require higher aloy materials. Nitrate ions inhibit the pitting and crevice ceotion
of tinless alloys. Fulhemre, nitric acid possivues these alloys; therefore. lower pH values brought about by incass in the nitrie acid
content of procss fluid mIll not cause higher corrosion rates for these alloys. The ase condition that wasost likely to occur in lowering
of the ph of the vessel cmntent by inadvertent addilici of0.5 M nitric acid. Iwtrig ofpH =my make a chloride.contlining solution mom
lilely causcpittingofstatinles alloys. Inercasing the nitric acid consctofthe process Iluid adds more ofthe pitting-inhibiting ni an ir
to the proess fluid. In addition, adding the niric acid solution to the stream will dilate the chloride cnentui of the procest fluid.

Conduso:
The recomrnended nmntrials will be able to withstand a plausible inadvrtunt addition ofO.5 M nitric acid.

CNP-BRJPT-0000l: Sheett3 or6
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24590-WTP-RPT-PR-44-o001, Rev. B
WTP Process Corrosion Data

PROCESS CORROSION DATA SHEET

Component(s) (NamelD 4)

Facility PTF

YetIn Black Cell?

Eassco=tingencyevssel (CNP-VSL-0000 )
Euoingency breakot (CNP-BRKPT- 1'

CNP-BRKPT-00001: Shcct5 of 6

Chemicals Unit' Contret Max Non-Routin 4 NOa
Latch. No I. Lach No L.M,

lunum 54 t.17EM1 1.fME401
lolde gM 4.51E.0 502E40

luodde gA &38ECa .MEC00

pIron 94 11.0E-o0 U.E-91
Nitrate g-4.+02 4.94902
Nt*lt. goL 24E+i_ 2.7409 -_

Phosphate 94 1. __E+ 1._E401

Sulfate gL kt5wE+w 1.00E+01

mercury go 1A71W 6.71E-03
Carbonate on ___E+-W 3AWE40i
Undissolhed solids Wv_
Other (NaMnO4. Fb... on
Other g_

PH I" W__e 3
Temperature IF N 2 -

NOW4

List of Organic Species:

References

Noes:b .4spFsw.ecosse

as sr24pIT .RvA
inilyi oeas 0P2 C14 gI, $P2

1w.C S awM a@fl it. W10 fl*.00t 0.3 a-.mo e - I|s'Mhs vosi r.taee. -wn0 iepC~f.U 3k

Mi AI Maipe ll.su aneS tcsupen m 0P2 hei eCP21 S. u m i.mm d~shcsl s esmaI n.n

Anumptlons:
vjs elscarepglcyw semdusenorrui pardes tfrfahelt ~is.Ils nalscaM Cei acenes, ilenshid .
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PLANT ITEM MATERIAL SELECTION DATA SHEET

CNP-VSL40001, (PTF)
Cs Evaporator Elnate Late Pot
* DeSp T atmoe (x)(dmax/In):237/40
* Dupignresame(ps)(ivnmVctau):4&Akn
* Location: in

Vanv
IAquaWP PO

R1068"022

Contents of this document are Dangerous Waste Permit affecting

Operating conditions are as stated on attached Process Corrosion Data Sheet

Operating Modes Considered:
* The"sS lit aed pHntih nwmal opeatinstrmptMe.
* Thecoditia onfbitered t o df-boilmgOfCOnwifrldi saudtobeiaqntadof dot dati.

Materils Considered:
Materi.l Relail Aaeptaha uas..ra-

(Us Na.) cad Aatal WAerdal
131 stweel 0.23 X
304L(530403) 1.00 X
316L(3IW3) 1.19 x

62M7M 7.64 1X
AU221.1(N062) 1_A X
Tf-2 (R0400) 10.1 X

Recommended Material: 304 (max 0.030% C; dual certified)

Recommended Corrosion Allowance: 0.040 inch (includes 0.024 inch corrosion
allowance and 0.004 inch erosion allowance)

Process & Operations Limitations:
* Develop rocedtmforperodlcflushingwitwater.

Please note Ihat somte, special nclr and bypiodud ntUnials, as
defined in theAtonde Bngy Act ofI154 (AA), a regulated at the
U.S. Depotmmtof nrg (DOE)facilities; lusivalyby DOE
aCtInSPmmSAU its ABA alrity. DOEassenthat pmanto
the ALA, it has sole and exdusive msponsibity and authority to
tulate =fh 6 apck slur, ad brodud wmnhh ItDOE-
owiicd anoit aciIgtia.m fgui'cekdmi

rEXPil-RE1207

USdIUCIdG is rv iddfwrm ocdeswzpla pPsemOly. Thisotid doomnteamS.a total of 6 sheets.

1Issiad for Permtting Use

0 6/22/04 IssuedforP . Use 13 AD APR
REV DATE REASON FOR REVISION PREPARER CHECKER APPROVER

Shet: I of 6
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PLANT ITEM MATERIAL SELECTION DATA SHEET

Corrosion Considerations:

This lute pot receives cluate from the IX codlns.

a General Corrosion
in the prqed pH optrating truge, litte specific information was floud for the gFnaalamiform corrcsic of gainless macoh or oth,.
uanral in the guwvaia. This lack of dade is not atcal became the alloys eeded for the syamn yically h by pinag entice

cwrosiworracldns On this basisa coroion allowance has little amtaing tqhancminl value is ge.

Davis (1994) slates te corrosion rate for 304L and 316L ill be less don about 0.1 opy at those tw peraturus.

Condaeso:
304Land 316Lteboh expected to be sufiointly resistato the wastesolution wit aprttable genaSlcorrosin treiof ves It 1 y.

b Ning Corrosion
with the W&cd conditions. 304Lwould be marginal but3161 isncommnded. With Ohorough flushing with water, 304Lis acceptable.

The data frm theflohesggtte mtre afici t llides to cause piting in 304L iles thMughly fushed.

t End Granla Carresio
Not believed to be applicable to this systom.

Coan:
Not applicable to this system,

d Stress Corrsion Craeking
The exact smimltof hlwriderquikd So SUes. curosion emek stainless steel is unknowr. hi part lis is because the amont tie with
tempratwme lals nWudiati., ad theBnuent Dnait isalso own becausechloride tad to acaetbateUn der hat tnsbr
condikas, by cvaprationand lectrocbemicafly during acorwion protes. Henc, even aslitte as a ewppmat nlead to cracicng under
SOmVE condftin. Generally, as setn in Sedriks (1996) and Davis (91), swes ccrrcusio, ucagGoesnotusualy uocnrblow about
1400F. Pbrther, the useof "l" grade stainless miuces the opportunity forsensitiation.

Coadartan:
The sc of 316L is recoommncded for the stated conditions. Though with flushing. 304Lis . coeptable.

a Crevke Corrosion
See Pitting.

Conclusion:
See Pitting

f Corrlion at Welds
Corrosion at welds is not aprobliem in the propoSed anvironeont.

Conclasran:
Weld corrosion is a not expected to be a conom.

g MerobelotqealyIndaced Corrud ( HMIC)
The proposed operadeg conlitions ar geserally acceptable for MIC. However. OMC isnot irnally observed in operating system

bUCisnotconsideredaproblem.

b FatdgueCorrood Fatigue
Corrosion fatigue is n expected to be a concm

Conderdons
Notaoncera.

I Vapor Phase Corrosion
Notexpectedtobeaconcem.

Conchdaion:
Vapor phas corrsionis not expected.

CNP-VSL.00001: Sheet2 of 6
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24590-PrF-N1DcNP-P11
Rev.I

PLANT ITEM MATERIAL SELECTiON DATA SHEET

24590-WTP-RT-PR-04-001, Rev. 3
WT? Process Corrosion Data

PROCESS CORROSION DATA SHEET

Ccmpanmnts)(Nmemi#w )

Faclity

in Black Celn

csconcwat bre*apt (CNP-BRKPT-00002)
Cs evepordwo shlsalt 10 y (CN -O-M0

PIm

Ye

CNP-VSL-COOOI: Sheet:5 of 6

Chmica UnitI Contract Mui Non-Rquine' Notes
Iac teSh lb NMCAe ech _mGm

iUnIg 2 231E 

________d___ 1.0541 1.5E41
ion a tup-m 1.uoE42
Nitrite n 13401 &fl1E+o 4 48E-04 446E04

N~iran 'La &.84 583E41
6n 2141 4.13541 - I

ult. g .8Ea 2.24E41

Carbon __t _ go L tESC 724E-01
sndossolvwd ids w% I

p 2 WA AI

enperatum 'F -No*e

of Oiganic Speclar

Ssewm ewwrtr 2400PT?'.TYD.C0P-WO001,RWO

:onrrnolsbyiterunien * P:le r

IR10 NM

Sopfl WA

1. Cnef s tedoi vm tziOn4o* .a edt beUNpA1 gdvmtba W~0*tdouxSmeitarwsn w ed hntdsa mte edqabth as* esvfl IetotMPpbeS iwtstlin*b-

Vat.. TannS qpmbg ?Tviflmwbtb 40Y (2148O-tSC.laON401, Nevq)
L. She -s I (CNa 0)
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PLANT ITEM MATERIAL SELECTION DATA SHEET

CNP-HX-00004 (PTF)
Cs Evaporator Alter-Condenser
" Design Temperature (0fXax/min): Shell ilde: 378/40: ube side: 125/40
* Design Pressure (psig)Q(mnax/n): Shell side: I00/FV; Tube sid: I0O/FV
* Location: outeell

ISSUE St
PPWnP PDO

R1008 2 508

Design temperature and pressure information is considered bounding and to be confinned by Vendor.

Contents of this document are Dangerous Waste Permit affecting

Operating conditions are as stated on attached Process Corrosion Data Sheet

Operating Modes Considered:
* Normal operation

Materials Considered:
Material Relathe Acceptable, Uacceptabe

NS N.) Cod matedal Material
curbon steel 0.23 X
304L (S30403) 1.00 X
316L (S31603) 1.18 X
6% Mo (1108367108926) 7.64 X
Alloy22(NO622) 11.4 X -
Ti-2 (0400) 10.1 _ X

Recommended Material: 304 (mIax 0.030% C; dual certified)

Recommended Corrosion Allowance: Shell side and tube side: 0.040 Inch (includes 0.024 inch
corrosion allowance and 0.004 inch erosion allowance)

Process & Operations Limitatons:
. None

Ples, note that score, special nuclear and byproduct nSteroilsn, S
defumed in le Atomic ETerry Act of 1954 (AEA), arc regulated at the
U.S. Department of Energy (DOE) facilities e=cisively by DOE
acting pursuant oits AEA authority. DOE asserts, that pursuant to
the AEA, it Ins sole ad exelusive responsibility and authority to
regulate soume, special nuclear. and byproduct uaterials at DOE-
owned nuclear facililics. Informtia, contained herein On
radionuclides is provided for process description purposes only.

39M5

EXPIRES: 12/)7/0

Ibis bound document conlainz a total of 6 shects.

I - II

1 Issued for Permitting Use W
0 9/8/04 Issued for Penmitting Use DLA 3RD APR

REVj DATE REASON FOR REVISION PREPARER CHECKER APPROVER
Sheet: 1 of6
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PLANT ITEM MATERIAL SELECTION DATA SHEET

Corrosion Considerations:

Exhaust vapors from the Cs evaporator separator vessel are condensed in CNP-HX-00004 prior to venting to the
ventilation system scrubbing equipmnt. The condensate from the condensers has a minimal amount of HN0 3
making it slightly acidic.

a General Corrosion
In normal operation, the vessel will contain either treated process water (slightly acidic) or DIW. Based on Uhlig (1948),
little uniform corrosion is expected at these conditions. The uniform corrosion rate of the 300 series stainless steels in D1W
at temperatures up to about boiling are generally considered small, <1 ropy. Hanner (1981) lists a corrosion rate for 304
(and 304L) in purc water of less than 2 mny (his smallest unit of measurement).

Conclusion:
304L or 316L are acceptable for this system with a probable general corrosion rate of less than I mpy.

b Pitting Corrosion
With the proposed temperatures, 304L is amceptable under the stated no-chloride conditions.

Conclusion:
The data from the flowshects suggest there are no halides to cause pitting; 304L is recomnmended.

e End Grain Coreosion
Not believed to be applicable to this system.

Conclusion:
Not applicable to this system.

d Stress Corrosion Cracking
The exact amount of chloride required to stress corrosion crack stainless steel is unkwown. In part this is because the
amount varies with temperature, metal sensitization, and the environment. But it is also unlown because chloride tends to
concentrate under heat transfer conditions, by evaporation, and electrochemically during a corrosion process. Hence, even
as little as a few ppm can lead to cracking under some conditions. Generally, as seen in Sedriks (1996) and Davis (1987),
stress corrosion cracking does not usually occur below about 140*F. Further, the use of "L grade stainless reduces the
opportunity for sensitization.

Conclusion:
The use of 304L is expected to be acceptable for the stated no-chloride conditions.

e Crevice Corrosion
See Pitting.

Conclusion:
See Pitting.

f Corrosion at Welds
Corrosion at welds is not a problem in the proposed environment.

Conclusion:
Weld corrosion is not considered a problem for this system.

g Microblologlcally Induced Corrosion (MIC)
The proposed operating conditions are suitable for MIC if infected. However, infection is considered unlikely.

Conclusion:
MIC is not considered a problen

CNP-HX-00004: Shcct:2 of 6
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PLANT ITEM MATERIAL SELECTION DATA SHEET

h Fatigue/CorrosIon Fatigue
Conosion fatigue is a not expected to be a concern.

Conclusions
Not applicable.

I Vapor Phase Corrosion
Not applicable to this system.

Conclusion:
Vapor phase conosion is not expected.

j Erosion
Velocities within the condenser are expected to be low. Erosion allowance of 0.004 inch for components with low solids
content (<2 wt%) at low velocities is based on 24590-WTW-RPT-M-04-0008.

Conclusion:
Not expected to be a concem.

k Galling of Moving Surfaces
Not applicable.

Conclusion:
Not applicable.

I Fretting/Wear
No contacting surfaces expected.

Conclusion:
Not applicable.

o Galvanic Corrosion
No dissimilar metals are present.

Conclusion:
Not applicable.

i Cavitation
None expected.

Conclusion:
Not believed to be of concern.

o Creep
The temperatures are too low to be a concern.

Conclusion:
Not applicable.

p Inadvertent Nitric Acid Addition
ne contents of the condenser are essentially water with no reportable halides. he lowering of the pH by the inadvertent
addition of nitric acid would be of no concern.

Conclusion:
The recommended materials will be able to withstand a plausible inadvertent addition of nitric acid.

CNP-HX-00004: Shect:3 of 6
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Relerenew:
1. 24590-WT-PT-M-04-0008, Rev. 2, Eduation of Sainms Sred Wear Rates in WP Waste Stems at Low Velocties.
2. 24590-WTP-RPT-PR-04-000I, Rev. B. P77 PemsCornsion Data
3. Davis, JR (E), 1987, Coujosi, Vol 13, In "Metals Hamtook", ASM itenational, Metals Pak, OH 44073
4. Ham.ne, NE, 1981, Conwoe Data Suryy, Metals SectiOn, 5th Ed, NACE Intemational, Houston, TX
5. Sednks, AJ, 1996, Crsion ofStailess Steds. Jon Wiley & Sms, Inc.,New Yoi, NY 10158
6. Uhlig, HR, 1948, Co nost Hadbook John Wiley & Sons, New York, NY 10158

Bibliography:
I. CCN 130170, Blackbrn, LD to PG Johnson, lniesnal Meno, Westinghoase Hanfod Co, Eluaidon of240-AR CJlorlde i1mt,

AugWst 15,1991.
2. CCN 130171.1, Ol, PC to PG Johnson, boamal Me=, Westinhmoae Hhnfod Co, Te ninal Raor Q- andpH LImsfar iqmid

Wanse Tank Cars, MA: PCO:OI. Jmury 16,1990.
3. Davis, JR (Ed) 1994, &adidl &ees, I ASM Metals Handbooc, ASM Intmational, Metals Park, OH 44073
4. Jones, RH (Ed.), 1992, Sess-Cmpsim OwchlIg, ASM hternational, Metals Park, OH 44073
S. Van Delinder, S (Ed), 1964, COlwsionh&les,NACE nbtumticnl, Hano.TX7"084
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24590-WTP-RPT-PR-044001, Rev. B
WTP Process Corrosion Data

PROCESS CORROSION DATA SHEET

Component(s) (NamenlD #) Cs vaiporetor primary. inter- and after- condenser (CNP4tX-00002.3,4)

Facity

in Black Cell?

PTF

No _ _

CNP-HX-00004: Sheet:S of 6

Chunicals Unit' Cotract Max Non-RotIne Notes
Lach N. Wech I No L ad

"Aktnum ow
Chlorkle oft?
Fluoride shi

ron _ _

Nitrate 0
mlilf t
-Phosphale la

Jartury 0d
^orbonate O
Undissolved solds Wt
tknier (NaMno4, Pb ... l) ow
3thwr ow-
PH WpA AtopnI
Temperature -F Awwpkfsto2

List ofOrganic Species:

References
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Not.sw

Assumptlons:
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24590-WTP-RPT-PR-04-0001, Rev. B
WTP Process Corrosion Data

4.15 Cs Evaporator Primary Condenser (CNP-HX-00002), Cs Evaporator
Inter-Condenser (CNP-HX-00003), and Cs Evaporator After-Condenser
(CNP-HX-00004)

Routine Operations

The Cs evaporator primary condenser, CNP-HX-00002, is a water-cooled, U-tube unit with condensation
taking place on the shell side. The condenser shell incorporates a condensate sump, which contains a weir
arrangement to control the flow split between the reflux and the overhead product flows. The overhead
product flow includes excess water from the pre-elution and post-elution tinses sent to the Cs evaporator
separator vessel from the cesium ion exchange columns.

To reduce the boiling temperature of the liquids in the Cs evaporator separator vessel, the system is run
under vacuum. This is achieved using a two-stage steam ejector system. Exhaust vapors frmt the ejectors
ar condensed in Cs evaporator inter-condenser, CNP-HX-00003, and after-condenser, CNP-HX-00004,
prior to venting to the ventilation system scrubbing equipment Process condensate from the Cs
evaporator primary condenser and Cs evaporator secondary condenser drains to the acidic/alkaline effluent
vessels, PWD-VSL0015 and PWD-VSL-OO 16, located in the PWD system.

The condensate from the condensers has a minimal amount of HNO3, making it slightly acidic but not
acidic enough to warant neutralization; thus, it will be considered and referred to as process condensate.

Non-Routine Operations that Could Affect Corrosion/Erosion

None identified.
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CXP-VSL-00001 (FTF)
Cs Ion Exchange Feed Vessel
* Deeign Thperature (F)(tmxrnin): 138/40
* Design Pressvre (psig) (intemlextemal): 15/10
* Location: incell

ISSUED £
RPPW1PPOD;

Contents of this document are Dangerous Waste Permit affecting

Operating conditions are as stated on attached Process Corrosion Data Sheet

Maintenance will notbe parformd on this vessel forthe forty yearsdesigt life

Operating Modes Considered:
* The vessel is filled with LAW.
* The vessel is filled with detintraized watts.

Materials Considered:
material Relative Acueptable Usactptable

lt]N.S N&) Cost Material MaTioS
Carbon Stel 0.23 | X
304L(S30403) 1.00 |X
316L (S3t603) 1.12 X
6% Mo (N08367/N08926) 7.64 X
Alloy22(N6D22) 11A X
Ti-2(150400) 10.1 _ . X

Recommended Material: 316 (max 0.030% C; dual certified)

Recommended Corrosion Allowance: 0.040 inch (includes 0.024 inch corrosion
allowance and 0.004 inch erosion allowance)

Process & Operations Limitations:
* Develop rinsing/flushing procedure for acid and "ter.

Please noe that source, special AuClwCr and byproduct materials, as
defined in die Atoic Energy Act of 1954 (AEA), ar regulated at the
US. Deparmon of Energy (DOE) facilities exclusively by DOE
acting pursuant to its AEA authurity. DOE asserts, tut pursuant to
the AEA, it has solc and exclusive rnsponsibility and authority to
regulate scurce, special nuclear, and byproduct materials at DOE-
owned nuclear facilitIes. Infrnationcontained herein on
radionuclides is provided for process dacripdtm purposes only.

EXPIRE 812/07/0

This band docum t contains a rotal of 6 sheets.

- - , I/..ssud .forPermi.in U....

0 5/18/04 Issued for Pernitting Use DLA -RD APR
REV DATE REASON FOR REVISION PREPARER CHECKER APPROVER

Sheet: I of6
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Corrosion Considerations:

This vessel normally receives filtered LAW from one of the ultrafilter permeate vessels (UFP-VSL-000062A/B/C), as well
as batches of pre-clution displaced LAW from the ion exchange column, and provides feed buffer capacity to allow
continuous operation of the IX system.

a General Corrosion
Hamner (1981) lists a corrosion rae for 304 (and 304L) in NaOH of less than 20 nmpy (501 p/y) at 77OF and over 20 py at 122-F. He
shows316(and 316L)has arte of test than2 npyupto 22*Fand5O%NaOH. Dillon (2000) and Sdriks (1996) both state dug the 300
series alloys are acwnptbk in up to 50% NaOH at tnmeranhres up to shoot l22"For slightly above. Davis (l994) slates the corwosion rate
for 304L in pure NaOH will be less than about 0.1 rnpy up to about 212F though Sedriks slates the data beyond about 122"Fa incorret.

In this system, the normal hydroxide concentrutions and temperatres are such that either 304L or 316L stainless steel will be ecceplablc.

Cosclusion:
At tempiratures less than about 14OPF, 304L and 316L are cxpectcd to be sufficimitly resistant to the waste solution with a probable general
cormicn rate of ess than I mpy.

bPittlag Crmiso
Chloride is known to cause pining in acid and neitral solutions. Dillon (2000) is of the opinion that in alkaline solutions, plP12, chlorides
ai likely topromnote pitting only in tightcrevices. Dillon and Koch (1995)ure both of the opinion tat fluoride will lave litle effect in a
alkaline nedta. If the chloride concntrations are Iow i the low pH and high at di hig pH, then even the low ptt conditions are expected
to he benign towards 304L

Normally die vessel isto operate betweena77 and 113 'F. At the normal temperatarebased on the work of Zapp (199) and othets, 3041.
sinicus steel would be acceptable in th, proposed alkaline conditions.

I.the vessel were rinsed with acid or filled with process water and left stagnant, there woild be a tendency to pit. The time to initiate would
depend on the surott of residual chlorides. The mlie pitting-resisnt 316L is rvcomnndgd.

Condusion:
localized cOsion, such as pitting, is not a LuicTm. 1t is expected that 3161. will be a better choice than 304L

c End Grain CorrouanB
End grain corrosion only occus in metal with exposed end grains and in highly oxidizing raid conditions,

Candudon:
Not likely in this system

4 Stress Corrosion Craldag
The exact amount of chloride required to cause stress corrnioen clkng is unknowt. In parnthis isbecause the amount varies with
temperatme, melal sensitization, and the enviranmrat But it is also unknown because chloride =ids to concentrate under heat transfer
conditions, by evaporaion. and eilctrchemically during A corosion procW. Ilense, even s litte asafew ppm can lead to cracking under
so- conditions. Generally, a, ween in Sedriks (1996) and Davis (1987), chloride stress corrosIon cracking does not sually occur below
about 1401'. During the normal operations, either 304Lor 316L ar expected robe satisftcimy.

Neither 304L nor 316L are susceptible to caustic eracking at the proposed cooditions.

C0wdwio,:
At the normal operating environment. either 3041.or :16L is recommezded.

e Creite Corlo.si
See Pitting.

Condusion:
See Pitting

f Cormitpon at Welds
Crrosion at welds is not considered a problem in the proposed envirannen.

Con rosionn:
Weld corrosion is not considered a problem Lor this system.

CXP-VSL-00001: Shect2 of 6
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g Miebiologically Induced Corrosion (MIC)
The proposed operating conditions are not conducive to microbial growth if microbes we, introduced.

Conclmsion:
M is not considered aproblen.

h Fatigue/Corroson Fatu.
Not peced to be a concern.

Condusiwns
Not a comcam.

I Vapor Phase Corrosion
The vapor phase portion of the vessel is expected to be contacted with particles of waste from splashing. h is unk ow hedr this will be
sufficiently washed or whether residual acids or solids will be present. Due to the possibility that deposits ay remin, 36L is lhe
minimjm recommended.

Conclusion:
No expected to be a concen with 31iL

j Erosion
Erosion of vessel should be minital with the very low undisolved solids coonent anticipated. Erosion allowane of 0.004 inch for
components with low solids content (< 2 M.%) * low velocities is based on 24590-WtP-RPT-M-04-00.

Candusion:
Not expeoted to be a concern.

kCalli of MovintSuren
T1here are nn moving surfaces within the vcscI.

Condsjion:
Not applicable.

I Frettiog/Wear
No contacting surfaces expected.

Condusion:
Not applicable.

is Galvane Corrosion
No dissimilar metals are psent.

Caclwioe:
Not applicable.

a Cavitation
None expected.

Condusion:
Not believed to be of concern.

o Cra4p
The temperatures are too low to be a concern.

Coianon:
Not applicable.

p Inadvertent Nitric Acid Addition
Higher chloride contents and higher ienperatures usually require higher alloy onterials. Nitrate ions inhibit the pitting and crevice corrosion
of stainless alloys. Furthermore, nitric acid passivutes these alloys; therefore, lower pH values brought about by increases in the nitric acid
content of process fluid wil not cause higher corrosion rates fwr these alloys. The upset condition that was most likely to oter is lowering
of the pH of the vessel content by inadvertent addition of0.5 M nibric acid. Lowering of pli my make a chloride.ctaining solution uore
likely to caue pitting of stminlss alloys. increasing 9he nitric acid content of the process fluid adds more of she pitting-bihibiting nitrate ion
In the process fluid. In addition, adding the nitric acid solution to the stream will dilute the chloride content of the process fluid.

Conclusion:
The recommended materials will be able to withstand a plausible inadvertent addition of0.5 M nitric acid for a limited period.

CXP-VSL-000l: Sheet:3 of 6
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24590-WTP-RPT-PR-040001, Rev. B
WTP Process Corrosion Data

PROCESS CORROSION DATA

Component(s) (NameIID #) Cs ion exchange feed vessel (CXP-VSI-OODOI)

Facility

In Black Cell?

PF

Yes

CXP-VSL-00001: Sheet:5 of 6

Chemicals Unit' Cdntract as Non-Routkin Notes
" Leach No mom Leach NLdch

Aluminum .gL 3.15E+01 3.17E+O0 ______________________

hlersdeo 1.21E+01 1.45E.01
uoride an IA4E+01 1.73E+01

kon aI 2.31 E+M 2.60E+00
Nitrate I 2.23E+02 259E+02
Nkite gn 6.69E+01 &.01E+01
Phosphate all 4.83E+0i S.AWEoi
sulfate gnI 2.57E+01 3.08E+01
Mercury 1.i 7.47E-02 1.94E02
Carbonate nL A 03E+01 s.93E+01
Undissolved solds Wm
Other (NaMnO4. Pb,...) 1L-
Other 91
PH MA NOWl
Toperature F Nola2

RelerenCeS

- pIm n i Species , 400 M , IC-Ry

lNontI~n*tamt ofr e c trted LAW hIM In C

WDX 245 &46V17-PM1 Rev*
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CXP-VSL-00004 (PTF)
Cs IX Caustic Rinse Collection Vessel
* Design Tempertwe Cf)(ma/min): 138/40
* Design Pressure(psig)(mnx/min): 15/Fv:
* Location: incell I
* PJM Discharge Velocity (fps) 40
* Drive Cycle: 17 % (at 40 fps)

iSSUED 0% R10687873
ll PDr, OFFSPRING ITEMS

CXP-VSL.00006-CxP-VS.-00009
CxP.PJM-00001. CXPRFD-00004A/B
CXP-RFD-.0005-CXP-RFD-00006

Contents of this document are Dangerous Waste Permit affecting

Operating conditions are as stated on attached Process Corrosion Data Sheet

Operating Modes Considered:
* The vessel is filled with Caustic rinse "ar.
* The vessel is filled with process condensate or dnmernalized water.
* No cidispresent.

Materials Considered:
Material Relative Acceptable Unacceptable
UNS No.) Cost Material MiatIal

Crbon Steel 0.23 X
304L (S30403) 1.00 X
316L(S3l603) 1.18 X
6% Mo (N08367/N08926) 7.64 X
Alloy 22(N06022) 11.4 X X
Ti-2 (R50400) 10.1 X

Recommended Material: 304 (max 0.030% C; dual certified)

Recommended Corrosion Allowance: 0.040 inch (includes 0.024 inch corrosion
allowance and 0.004 inch erosion allowance)

Process & Operations Limitations:
. None

Please note tiat source, special nuclear nd byproduct nterials, as
defined in the Atomic Energy Act of 1954 (AEA), are regulated at the
U.S. Department of Energy (DOE) facilitics exclusively by DOE
acing pursuant to Its AEA autwrity. DOE asserts, thatpursua to
the AEA, it has sole and exclusive responsibilily and 2uthority to
regulate source, special nuclear, and byproduct mturialsat DOE,
owned nuclear facilities. Information contained herein on
radionuclides is provided for pocess description purposes oly. nis bomnd document contains a total of 7shcct I

1 Issued for Permitting Use

0 5/18/04 Issued for Permitting Use DLA )RDA
REV DATE REASON FOR REVISION PREPARER CHECKER APPROVER
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Corrosion Considerations:

This vessel allows recycle and reuse of the originally nominal 0.25 M NaOH solution from the Cs IX column.
The solution exits the column with a nominal caustic concentration of about 0.1 M NaOH. This vessel can also
receive fresh nominal 0.25 M NaOH solution as well as process condensate from one of the process condensate
vessels.

a General Corrosion
The caustic rinse collection vessel collects rinse water from the IX columns during the wash cycle. 'The rinse solution is
made up of diluted caustic solution with process condensate and/or deenineralized water

Harner (1981) lists a corrosion te for 304 (and 304L) in NaOH of less than 20 mpy (500 pm/y) at 77*F and over 20 rny
at 1220F. He shows 316 (and 316L) his a rate of less than 2 mpy up to 122*F and 50%NaOH. Dillon (2000)and Sedriks
(1996) both state that the 300 series alloys are acceptable in up to 50% NaOH at temnperatures up to about 122OF or slightly
above. Davis (1994) states the corrosion rate for 304L in pure NaOH will be less than about 0.1 mpy up to about 212OF
though Sedriks states the data beyond about 122TF are incorrect.

In this system, the normal hydroxide concentrations and temperatures are such that 304L stainless steel will be acceptable.

Conduaion:
At the given temperatures, 304L and 316L are expected to be sufficiently resistant to the waste solution with a probable
gencral corrosion rate ofless than I mpy.

b Pitting Corrosion
Chloride is known to cause pitting in acid and neutral solutions. Dillon (2000) is of the opinion that in alkaline solutions,
pH>12. chlorides are likely to promote pitting only in tight crevices. Dillon and Koch (1995) are both of the opinion that
fluoride will have little effect in an alkaline media. If the chloride concentrations are low at the low pH and high at the high
pH, then even the low pH conditions ore expected to be benign towards 304L. Revie (2000) and Ublig (194$) note nitrate
inhibits chloride pitting.

Normally the vessel is to operate at 77 to 113 OF. At the normal temperature, based on the work of Zapp (1998) and others,
304L stainless steel would be acceptable in the proposed alkaline conditions.

If the vessel were filled with process water and left stagnant, there would be a tendency to pit. 7he time to initiate would
depend on the amount of residual chlorides.

Condusion
Localized corrosion, such as pitting, is not expected. At the stated operating conditions304L will be suitable.

c End Grain Corrosion
End grain corrosion only occurs in metal with exposed end grains and in highly oxidizing acid conditions.

Conclusion:
Not likely in this system.

d Stress Corrosion Cracking
The exact amount of chloride required to cause stress corrosion cracking is unknown. In part this is because the amount
varies with temperature, metal sensitization, and the environment. But it is also unknown because chloride tends to
concentrate under heat transfer conditions, by evaporation, and electrochemically during a corrosion process. Hence, even
as little as a few ppm can lead to cracking under some conditions. Generally, as seen in Sedriks (1996) and Davis (1987),
chloride stress corrosion cracking does not usually occur below about 140*1. During the nornal operations, either 304L or
3161 are expected to be satiftctory.

Neither 304L nor 316L are susceptible to caustic cracking at the proposed conditions.

Conclsio:
At the normal operating environment, the alloy recommended is 304L

CXP-VSL-00004: Sheet:2 of 7
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e Crevice Corrosion
See Pitting.

Conclusion;
Sec Pitting

f Corrosion at Welds
Corrosion at welds is not considered a problem in the proposed environment

lontclujion:
Weld coosion is not considered a problem for this system.

g Microblelogically Incsed Corrosion (MIC)
The proposed operating conditions arc not conducive to microbial growth if microbes were introduced.

Conclusion:
MIC is not considered a problem.

h Fatigue/Corrosion Fatigue
Not expected to be a concem.

Conclusions
Not a concern.

I Vapor Phase Corrosion
The vapor phase portion of the vcssel is expected to be contacted with particles of waste from splashing. It is unknown
whether this will be sufficiently washed or whether residual acids or solids will be present Under the stated conditions,
with wash ring present in the vessel, this is not expected to be a concern

Conclusion:
Not a concern.

j Eroslon
Bused on post experiments by Smith & Elmore (1992), the solids arm soft and crosion is not expected to be a concern for the
vessel wall. Based on 24590-WTP-RPT-M-04-008, a general erosion allowance of 0.004 inch is adequate for cunponwits
with solids content less than 2 wt%. No localized protection is necessary for the applicable portions of the bottom head to
accommodate PJM discharge velocities of up to 12 m/s for a usage of I00 % operation as docimented in 24590-WP-MOC.
SO-00004.

The PJM nonle requires no additional protection as documented in 24590-WTP-M0C-50-0004.

Conclusio:
The recommended corrosion allowance provides sufficient protection for erosion of the vessel.

k Galling of Moving Surfaces
Not applicable.

Conclusion:
Not applicable.

I Fretting/Wear
No contacting surfaces expected.

Conclusion:
Not applicable.

CXP-VSL-00004: Shect:3 of 7
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m Galvanic Corrosion
No dissimilar metals are present.

Conclusion:
Not applicable.

a Cavitation
None expected.

Conclusion:
Not believed to be orconcem.

a Creep
Thc temperatures are too low to be a concern.

Conchukon:
Not applicable.

p Inadvertent Nitric Acid Addition
Higher chloride contcnts and higher temperatures usually require higher alloy materials. Nitrate ions inhibitthe pitting and
crevice corrosion of stainless alloys. Futhermore, nitric acid passivates these alloys; theretfbre, lower pH values brought
about by increases in the nitric acid content of process fluid will not cause higher corrosion rates fbr these alloys. 7%e upset
condition that was most likely to oea is lowering of the pH of the vessel content by inadvertent addition of 0.5 M nitric
acid. Lowering of pH may make a chloride-containing solution more likely to cause pitting of stainless alloys. Increasing the
nitric acid content orthe pmcess fluid adds more of the pitting-inhibiting nitrate ion to the process fluid. In addition, adding
the nitric acid solution to the stream will dilute the chloride content of the process fluid.

Condusion:
The rcovmmended materials will be able to withstand a plausible inadvertent addition of 0.5 M nitric acid for a limited
period.

CXP-VSL-00004: Sheet:4 of 7
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PROCESS CORROSION DATA SHEET

Component(s) (NmrneilD #) Cs IX caust rinse collection vessel (CXP-VSL-00004)

Faciliy PF_

In Black Cell? Ye

CXP-VSL-X)004: Sheet:6 of 7

Clemials Unt Contract Nx Non-Routine Notes
= At*Leach No eboM Leadh No Leach

Auminum _____ _________

Chlorkde -
Fluoride -

Iron
Nitrate &i87OE-O4 1.OlE0______________

NItrite .AL i.SOE-O4 1504
Phosphate ... L t35E-4 -. 1.S.O4 ____

Buote an -

Mercury gl- __

Nitrbate gL 2.!SE-04 .70E-M4

Uindlasolved solids 'S____ ________

Oter NaMnO4, Pb,...} iIp _______

Mterr gpi

TeMerature 'F Not,2

List of Organic Species:

Referrsne
0lmbsrmr 245Oo-FT oaP.D1 Rov o

- Oaanm Oocmnt 24500-WW-M4CV1 1T.0005, A
_"l =t.mt QI 4inm t m* & C nawtnOX1
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Noles:
1e.rmtrw. .sun 1* to'a rnuned nb s itlihetvceit,&inardarmt.

2.Tnrmalo peton Fo 113*F (24500 PW.WC-CXP-0004. t 0)

Assumptions:
1. Pmaess ceo ot pH 7, slm CP3 h pH 13 (CI. Nad)
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4.3.4 Cs-IX Caustic Rinse Collection Vessel (CXP-VSL-00004)

Routine Operations

The Cs-IX caustic rinse collection vessel (CXP-VSL-00004) allows recycle and reuse of the
originally nominal 0.25 M NaOH solution. The Cs-IX caustic rinse collection vessel is designed to
receive spent caustic regeneration solution that has been discharged from a Cs IX column (CXP-IXC-
00001, -00002, -00003, or -00004) during the regeneration sequence.

The spent regeneration solution, which originates as a fresh 0.25 M NaOH solution before
introduction into the column, exits the column with a nominal caustic concentration of about 0.1 M
NaOH. This solution is then collected in the Cs-IX caustic rinse collection vessel for use in the LAW
displacement sequence. During the column regeneration, 2500 gallons of fresh 0.25 M NaOH
solution are fed to a column. A significant portion of the initial NaOH that is fed to the column reacts
with the resin and, as a result, the initial solution exiting the column is depleted in NsOH. Only about
half of the volume of the total batch of regeneration solution is captured for use in the LAW
displacement sequence; since the later half has a higher strength in NaOH, it is captured. This is
accomplished by valving the first portion of the exiting regeneration solution to one of the
acidic/alkaline effluent vessels (PWD-VSL-00015 or -00016), and valving the second portion to the
Cs-DX caustic rinse collection vessel.

For startup and makeup purposes, the Cs-DX caustic rinse collection vessel can receive fresh nominal
0.25 M NaOH solution from an outccll tank (SHR-TK--00005). It can also receive (as a source of
water) process condensate from one of the process condensate tanks (RLD-TK-00006-A or -B) via a
header. Some adjustment of the NaOM concentration can be made using these two sources. The
solutions made in the Cs-IX caustic rinse collection vessel can also be used to cool Cs IX columns
(through the use of flow-through cooling) in abnornal situations. Alternatively, the Cs-IX caustic
rinse collection vessel can be used to receive batches of cooling solution that have passed through a
column.

Non-Routine Operations that Could Affect Corrosion/Erosion

None identified.

CXP-VSL-00004: Shect:7 of 7



24590-PTF-NID-CXP-P008
Rev. I

PLANT ITEM MATERIAL SELECTION DATA SHEET

CXP-VSL-00005 - (PTF)
Cs IX Reagent Vessel
* Design Temperature (eF)(max/nin): 138/40
* Dsign Pressure (psig) (max/min): 15/FV
" Location: incell

R10887674

ISSUED B,
RP*WTPPDC

Contents of this document are Dangerous Waste Permit affecting

Operating conditions are as stated on attached Process Corrosion Data Sheet

Operating Modes Considered:
* The vessel is filled with cautic.
* The vessel is filled with dcmineralizcd water.
* The vessel is filled with nitrne acid (standby conditien).

Materials Considered:
Material Relative Acteptable Unaccptable

(UNS No.) Coat Material Matial
Carbon Steel 023 _ X
304L(S30403) 1.00 X
316L(S31603) 1.18 X
6% Mo (NO8367/N08926) 7.64 X
Alloy22 (N06022) 11.4 X
Ti-2 (R50400) 10.1 M 

Recommended Material: 304 (max 0.030% C; dual certified)

Recommended Corrosion Allowance: 0.040 inch (includes 0.024 inch corrosion
allowance and 0.004 inch erosion allowance)

Process & Operations Limitations:
* Develop rinsing/flusins procedure for acid and water (rinse prior to adding acid after receiving solids from CXP-VSL-00004).

Please note that source, special nuclear and byproduct materials, as
dermed in the Atomic Energy Act of 1954 (AEA), ar: regulated at the
U.S. Department of Energy (DOE) facilities exclusively by DOE
acting pursuant to its AEA authoriy. DOE asserts, that pursuant to
the AEA. it has sole and exclusive responsibility and authority to
regulate source, special nuclear, and byproduct materials at Doli-.
owned nuclear facities. Infrinmation contained herein on

39260'

IEXPIREY. 020, 1

radicruclides is provided for process description purposes only. This bound document contains a total of' sheets.
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Corrosion Consideradons:

This vessel is expected to receive deniteralized water, nominal 0.25 M NaOH solution, nominal 0.1 M NaOH solution,
standby nitric acid, and recycled spent regeneration caustic solution from CXP-VSL-00004.

a General Corrosion '
Haomer (1981) lists a corrosion rate for 304 (and 3041L) in NaON of less than 20 mpy (500 pnfy) at 77*F and over 20 apy at 122-F. He
shows 316(and 316L) bas a rateof kas than 2 mpy up to 122"F and 50% NaOH. Dillon (2000) and Sedriks (1996) both slate that the 300
series alloys are acceptable in up to 5r% NaOH at temperatures up to about 12*P or slightly above. Davis (1994) states the coarsion rate
for 304L in pure Na~il will be less than ahout 0.1 mpy up to about 2120F though Sedriks states the data beyond about 122F sr incorrect

In ibis system, the normal hydroxide concentrations and empenttures are such that 304L or a higher alloy stain less steel will he acceptable.

The addition or presence of 0.5 M HND is not a concern for the given concentrations.

Concion:
At temperatures less than about 140F, 304L or better is expected to be sullicintly naistant to the solution with a probable general
corrosion rt ofless than I mnpy.

ba iting Corrosion
T'he nitric acid does not contain chloride or fluoride. The NaCH may contain chloride impurities. The two possible opportunities for pitting
ar either acidifying gh chloride waste or leaving the vessel full of DIW with residual chloride.

Chloride is known bocause pitting in acid andneutrl solutions. Dillon (2000)is of the opinion that in alkaline solutions,pl>b2,chlorides
are likely to promote pitting only in tight crevices. Dillon and Koch (1995) are both of the opinion that fluoride will have little eftbct in an
alkaline media. If thechloride cuoncentrations arc low at the low pil and high at the high ph, then even the low pH conditions are expected
t be bcaigs towards 304L. Revie (2000) and Uhlig (1948) note nitrase inhibits chloride pitting.

Nonswily the vessel is to operate with a fluid tmperaqture 77F. At this lemperaturc, based on the work of Zapp (1998) and others, 304L
stainless steel would be accuptable in the proposed akaline conditions.

The small quantity of halides will not he harmful eve irthe solution is neuraized or modified with W4O).

If the vessel were filled with process water and left svagnant, there would be a tendency to pit The time to initiate would depend on the
amount of residual chlorides.

Conclusion:
Localized cwyosion. such as pitting, is not expected. It is expeeled that 304L will he satisfactory.

v End Crain Corrosion
End grain corrosion only occurs in metal with exposed end grains and in highly oxidizing acid conditions.

Conchaion:
Not expected in this system.

d Stress Corrosion Cracking
The exact amount of chloride requird to cause sass enrrosion cracking is unknown. In part this is because the amount varies with
temperacurmetal scnuiailtizoand the environment Out it is also unknown because chloride tends toconcentrate under heatransfer
oonditions,byevaporatio, and electmnehemically duringa corrosion process. Hence. evenas little nsa fewppmcan lead tocracking uder
some conditions. Generally, as seen in Sedriks (1996) and Davis (19"7). chloride stress corrosion cracking does not sually occur below
about 1400F. During the normal operations, either 304L or 3161, am expected to be satisfactory.

Because of the potential for caustic cscking, 304L and 316L am generally not recommended for use above 140F. Ilowever, based on the
proposed teneratures, either is acceptable.

Concsaion:
At the normal operating envimnment, the alloy recommended is 304L stainless.

a Crevice Corrosion
Sea Pitting.

Conclusion:
See Pitting

CXP-VSL-00005: Sheet:2 of 7
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f Corroatin at Welds
Corrosion at welds is not considered a problem in the proposed environment.

CondCilon:
Weld corrosion is not considered a problem for this system.

g MicrblologIeaIly lutuced Corrosion (MIC)
'11e proposed operating conditions are conducive to rticrobial growth if microbes were introduced. The use of DIW as process water
should minimize the possibility of intnuxlction of microbes.

Condusion:
MIC is not considered a problem.

h Fatiga/Cona&loa Fatigue
Not expected to be a concern.

ConclusIons
Not a concern.

I Vapor Phase Corrosion
The vaper phase portion of the vessel is expected to be contacted with particles of wast frinm splashing. Wash rings within vessel should
provide sufficient rinsing to minimize presence of deposits.

Conclusion:
Not believed to be orconcem.

j ErO,
Velocities within the vessel are cxpcted to be low. riresion allowance of 0.004 inch for components with low solids content (<2 wt%) at
low velocities is based on 24590-W IW tF'I-M-043U-08.

Coneusion.
Not believed to be of concem.

it Galllug of Moving Surfaces
Net applicable.

Conduika:
Not applicable.

I Fretting/Wear
No contacting surfaces expected.

Concluria:
Not applicable.

a Calvanic Corrosion
No dissimilar metak are present

Codahston:
Not applicable.

a Cavitation
None expected.

Conclusion:
Not believed to be of concern.

cCre
The temperatures are too low to be a concern.

Condus in:
Notapplicabli.

CXP-VSL-00005: Shcct:3 of7
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p Inadvertent Nitric Acid Addition
Higher chloride Lntents and higher temperatures usually require higher alloy materials. Nitrate ions inhibit the pitting and crevice corrosion
of stainless alloys. Furthermore, nitric acid passivates these alloys; therefore, lower pH values brought about by increases in the nitric acid
content of process fluid will not cause higher corosion rates for these alloys. The upset condition that was most likely to ricur is lowering
of the pH oflhe vessel content by inadvertent addition of0.5 M nitric mvid. Lowcing of pH my make achloride-cotlaining solution more
likelyto cusepittingofstainlcss alloys. Increasing dl nitric acid consent nf the process fluid adds more of the pitting-inhibiting nitrate ion
to the process fluid. In addition. adding the nitric acid solution to the mnm will dilute the chloride content of the process fluid.

Canmeusfont
The recommended materials will be able to withstaod a plausible inadvertent additin of0.5 M nitric acid for a limited period.

CXP-VSL-00005: Shcct:4 of 7
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PROCESS CORROSION DATA SHEET

Component(s) (NameD 0#)

Facility

In Black Cell?

Ca Ix maqent vessel (CXP-VSL-0OO05)

Yes

CXP-VSL-0005: Sheet:6 of 7

Chemicals Unit Contract Max Non-Routine Notes
le _Ich Ntetch Lnch NoL..ch

Aiumknm_____ _____
Chd

lucride _____ __________ __________

oronn
Nitratel 8.83E04 1,03E43

itrite L , 32E-04_ 1.57r.04
Ptiomphate j 3ol 7E.O4 1.61E-04

Sulfate _____ _________

Mercury 26E0 ____

arbonate n 2S5OE.4 2.a2E-04

ndbaolvd solids wt1
I NaWC4, Pb....) n

her
____ _ WA 13.0 13.0 Not 2

Tepratus F A_ um nt

List of Organic Species:
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4.33 Cs- X Ragent Vaal (CXP-VSA0005)

The CS-X reagent vssd (CXP-VS0005)plovidsn rgenti; hr the C ion exhang colusmi.

Roadae Opmatims
The Cm-X nsgemt veste is designed to receive demniralired watr, mnonal 0.25 MHNiH aitien,

amin 0.1 M NXOH solution, and standby niikk acid ftm outcedl meo"es hoehmgamhI In .dition,
the Cs-DC r ven d muu! merimt uyded spent wegneration cmusc soktim from the Cs&D ctate
rinse collectiat wait(CX-VSL.00004).

'e Cs-DX gat mwSm futions Iika a breakpot, feeding liquids to *a mction of th Cst-i 1a pups
and pientig bioliow of aminued Ihul to clout sysam. Unaib atm bmlipct, hvwwp, law

e valves on t botom drsining discbags lin ofthe Cs-DC rgt van! because Ow. discbarge imn
sorve wo pimp an sprat occsions. TU Cs-DC naput vense) osm am as a owur for vemsid
of &e Cm IX coins The Cs-DC xrmaipatmel s a -nister (wkh prnswit-&op..mammicaust
inoluded in the top postian of I e veD enable demising oany patioafly stained Nqdk with the
vetned comhmsaet.

The Cs4X rtagent Vend normally romves the hionrin

" Dsnmemlisd watr for outcell tank DIW-TK-00001 during the proclu iarims and pat-tation
dhze sequanwe

" Nominal 0.25 M N&OH solution from to balance of fteilIties (HOP) header doning the geeation
sequente

Noa-Pauttae Operadln that Could Affect CrosloIrodIon

In almniW sintazim the Cs-IX reagent we!d cm receive the following;

* Noinakl 0.1 M Na*H solution as tecycid spentneneration solutiwon from te CX causti rinse
collection vessel (CXP-V$L-00004). This solution is used in te LAW daitloem squa. Thr

vasel can also receive frsb nomdna 0.1 U N& solution for emergniy cooling frn autcell tnk
SIMt-T&-0W01.

o Standby (0.5 M) nitric acid from outtell tak tAR-TK-00007.

This vessel also ovarlows to PWfl-VSL-00033.

CXP-VSL-OOOS: Sheet:7 of 7
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FEP-VSL-0005 (PTF)
Waste Feed Evaporator CondensAte Vessel
* Duig Teprabn urp('FXnxrdn): I5049
* Design Presmue (pig)(ineralt): 15
* Location: outcell

JSsUBOS V.P.wrpPPU
ft1086418

Contents of this document are Dangerous Waste Permit Affecting

Operating conditions are as stated on attached Process Corrosion Data Sheet

Materials Considered:
__Material Relatie AcCaptoble U__eptable

C UNS No.) cont Matewil matertal
Carb-m-Steel -2-3 x
304L (S30403) IAO0 x
316L (s316(3) 1.19 X
6% Mo (N0367M01926) 7.64 X
Alloy 22 (NO=02) I.A x
'11-20R00400) I0.1 x

Recommended Material: 316 (max 0.030% C; dual certified)

Recommended Corrosion Allowance: 0.040 inch (includes 0.024 inch corrosion allowance and
0.004 Inch erosion allowance)

Process & Operations Limitations:
* Develop hiosing/flushing proceduw for " and wer

Please note tht boone, special nuclear and byplodunt raterials, a
defined in tAtoaic En y Act ofI954 (AEA), are qulated at the
UIs. Deponn ofFnery (DOE) bcilides exluamlyby DOE
angpvrsusitto Its AEA autaitY. DOE samlithapawzant)
the AEA, it ban Ie and excUSive reglaabil and auhelty to
regulat sourm special nucler, and bYProduct satelat at DOE-
Owd mnerl dhirid ufcrroscsd coaptined pwps on y
radiOuelidwsis providedfa Ir pII, descriptien pupwa ony.
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Corrosion Considerations:

The vessel receives condensate from the primary condenser

a General Corrale
in the proposed pH operating range, no inftrmation was found for the generalAmiform corrosion of stainless steels or other
material. Typically, the austenitic and higher alloy steels are expected to have corrosion rates of less than about I rpy.
This lack of d" is not critical because the alloys needed for the system typically fail by pitting, crevice corrosion, or
cracking. On this basis, a corrosion allowance has little meaning though a nominal value is given.

Conchorin
Both 304L and 316L are expected to have little uniform corrosion under the stated conditions and either would be
acceptable. A nominal corrosion allowance is given even though it has minimal significance.

b Pitting Corrosion
Chloride is known to cause pitting in acid and neutral solutions. Dillon (2000) is of the opinion that in alkaline solutions, at
pH greater than approxintely 12, chlorides are likely to promote pitting only in tight crevices. Dillon and Koch (199) are
of the opinion that fluoride will have little effect. Further, Revie (2000) and Ublig (1948) note that nitrate inhibits chloride
pitting.

The vessel has about 0.001 M niude and approximately 24 ppm chloride. Nominally, the temperature will be between Ill I
and 122 OF which, with 24 ppm chloride, is acceptable for 316L stainless steel.

Concliow:
Localized corrosion, such as pitting, is comruni but can be mitigated by alloys with higher nickel and molybdenum
concentations. Based on the expected operating conditions the vessel should be 316L stailess steel.

e Ead Grain Corrosion
End grain corrosion only occurs in metal with exposed end grains and in highly oxidizing acid conditions.

Conclusion:
Not applicable to this system

d Stress Corrosion Cracking
The exact amount of chloride required to cause stress corrosion cracking is unknown. In part this is because the amount
varies with temperature, metal sensitization, and the environment But it is also unknown because chloride tends to
concentrate under heat transfer conditions, by evaporation, and electrochemically during acorrosion process Hence, even
as little as 10 ppm can lead to cracking under some conditions. Generally, as seen in Sedriks (1996) and Davis (1987),
stress corrosion cracking does not usually occur below about 140WF.

Given the environment and the lack ofheat transfer into the process stream, caustic cracking is not anticipated to be a
problem

Conclusion:
Based on the normal operating environment, the minimum alloy recommended is a 316L stainless steel.

e Crevice Corrosion
See Pitting.

Conclusion:
See Pitting

I Corrosion at Welds
Corrosion at welds is not considered a problem in the proposed enviromnent.

Concluion:
Weld corrosion is not considered a problem for this system

g Miroblooglcally Induced Corrosion (MIC)
The proposed operating conditions on the process side are generally too warm for microbe growth. Further, because the
source of the fluid is from the evaporation of a process fluid, no microbes are expected to be present.

Conclusion:
MIC is not considered a problen.

FEp-VSL-00005: Sheet:2 of 6
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b Fatigne/Corrosion Fatigue
Corrosion fatigue is not anticipated to be a problem

Condusns
Not expected to be a concen.

i Vapor Phase Corrosion
The vapor phase portion ofthe shell will be continually washed with condensing vapors.

Concusion:
No vapor phase corrosion is anticipated.

j Erosion
Velocities are expected to be low. Erosion allowance of 0.004 inch for components with low solids content (< 2 wt%) at
low velocities is hued on 24590-WT-RPT-M-04-M0.

Condcusion:
Not expected to be a concern.

k Galling of Moving Surfaces
Not applicable.

Condusion:
Not applicable.

I Fretting/Wear
Not applicable.

Condusion:
Not applicable.

m Galvanic Corrosion
For the environment and the proposed alloys, there is not believed to be a concer.

COndusion:
Not expected to be aconcem.

a Cavitation
None expected.

Condusion:
Not expected to be a concern.

o Creep
Tbe temperatures are too low to be a concem.

Conclusion;
Not applicable.

p Inadvertent Nitric Add Addition
Higher chloride contents and higher temperatures usually require higher alloy materials. Nitrate ions inhibit the pitting and
crevice corrosion of stainless alloys, Furthermore, nitric acid passivates these alloys; therefore, lower pH values brought
about by increases in the nitric add content of process fluid will not cause higher corrosion rates for these alloys. The upset
condition that was most likely to occur is lowering of the pH of die vessel content by inadvertent addition Of0.5 M nitric
acid. Lowering ofpH may make a chloride-containing solution uore likely to cause pitting of stainless alloys. Increasing the
nitric acid content of the process fluid adds more of the pitting-inhibiting nitrate ion to the process fluid. In addition, adding
the nitric acid solution to the stream will dilute the chloride content of the process fluid.

Conclusion:
The recommended materials will be able to withstand a plausible inadvertent addition of 0.5 M nitric acid for a limited
period.

FEP-VSL-00035: Sheet:3 of 6
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PROCESS CORROSION DATA SHEET

Component(s) (maneD ) Wade feed evaporator cocfnut& vessel (FEP-VSL-0005)

Facility

In Black Cell?

PTN

No
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24590-WTP-RPr-PR-04-0001, Rev. B
WTP Process Corrosion Data

4"3 Waste Feed Evaporator Condensate Vessel (FEP-VSL-00005)

Routine Operatons
The ccmdenste draing from the primry condenser is mnitored for radionativity. The area radiation
monitor is located close to the condenser outlet to allow a time lag before the condensate can react the
condensae vessel (FEP-VSLA0-5). This is to minimize the possibility that contaminated condensate
can be transferred to the radioactive liquid waste disposal system (R). As the condensate vessel lls,
the waste feed cvaporator condensate pump (FEP-PMP-00006A/B) recirculates condensate continuously
back to the vessel with a portion recycled to the SEP vessel for spraying the demister pads.

Non-Routine Operatins Ohat Could Affect Corroslon/Erosion

None identified.

FEP-VSL,00005: Shcct6 of 6
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HLP-VSL-000Z2 (PTF)
HLW Feed Receipt Vessel
* Design Tcrpcature (F) (mwx/min): 215/40
* Design Pressurm (psig) (nax/min): 25/-4.5

Location: incell
PlM Tischrgt Velocity (fps) 26
DriveCycle: 33%(at26fps)

R1059i35

Related Plant Items
HLP-PJM-OD56 - HLP-PJM-00057
HLP-PM-0D084 - HLP-PJM-00093 I

Contents of this docament are Dangerous Waste Permit affecting

Operating conditions are as stated on sheets 6 and 7

Operating Modes Considered:
* Norm) operting cenditions.
* The vessel will be cleared using process condensne, 2M NaOH or 2 M HN0, withTresidual chlorides and fluorides at 113 F. The

condition of 1igh tenmprature and acid is not esmsincd.

Materials Considered:
Materisl

(UNS N..
Reladve

Cost
Acceptablt

I Material
Unacceptable

Material
Certon steel 0.23 x
304L (S30403) 1.00 x
316L s31603) 136 XC

I 6%Mo(N0367/M08926) I 7.64 It I
All22 06022) 11A X
T) 'l2 0400) 101 X

Recommended Material: 316 (max 0.030% C; dual certified)

Recommended Corrosion Allowance: 0.040 inch (includes 0.024 inch corrosion
allowance and 0.016 inch general erosion allowance;
localized protection is required as discussed in section j)

Process & Operations LmUtations:
. Develop tinsing/flushing procedure for acid and water

Please note that sore, special noclear and byproduct nutenrals, as
defined in the Atunic Energy Act of 1954 (AA), useregulated at
the U.S. Department of Brerw (DOE) Whilitles exclusively by DOE
acungpvrsuant to it. AsA authority. DOEmssier, that pursuant to
the AEA, it has solo and axclusive tesposibility wid awhority to
regate WIrCe, special nuclar, and byproduct nmtfrials at DOE-
owned nuclear facilities. Information contained herein on
radionuclides isprovided fo process description purposes only.

Ti eetis /

EXPIRES: 12/O7lo

ThisbooS ddo..msnt cofins a talof? sheets. I

I S e/ 
5 is s u e d J f o r Pe r it t in g u s e

RE 9R25E03 Issued for FeritSing U PREPAR R APR
, REV DATE REAsONFOR REVISION PREPARER CHECKER APPPOVER
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Corrosion Considerations:

This vessel receives Tank Fan waste having a temperature or solids content above acceptable levels for the waste feed
receipt vessels (FRP-VSL-00002A/B/C/D). The vessel is equipped with a cooling jacket to keep the tempnrtiure at 1 13"F
or below,

a Gesral Conrros
Hamner(1981) litsacorrosionrawfor304(nd3O4L)in NsOHoflessthn20My(500pm'y)atf77Fand over20npy at l22*F. He
states 316 (and 316L) has a rate oflas than 2 npy in 50% Ns0H at temperatures op to 122-F. Dillon (2000)and Sedriks (1996) both state
that the 300 series are acceptable in up to 50% NaO)f at temperatures of about 1220F. Davis (1994) states thecocrqnion rate for 3D4L in
pure N.014 ,.41 be less than .buot I mrpy upti shout I12"l though Sedriks stains The daa beyond sbout 1*FWet incuiet twAnelson &
Pitman (2000), based on shontenustudies, suggestacorrosion rateofabout0.5 mipy for 316Lin simulaed waste atboiling, >212-
Studies have shown that in simulated waste at 140F. 304L, with acorresion rate <1 rpy, performed slightly better than 316L- possibly
due to the presence of uitate. In this system, the hydroxide cmcentrations and temperatures am such that 304L stainless steel will be
acceptable. If the alkaline wastetuches boiling, other work suggests that 304L would be acceptable. pobably due to the nesenceof
nitrate. Normallya high nickel aloy such as hictel 600 would be required for hot caustic,

Wilding and ?aige (1976) have shown that in 5% anie acid with 1000 ppm fiuoride at 29OtF, the cormion rate of 3D4L uan be kept as low
as 5mpybythc useofAr. AdditionallySetdriks (1996) hasnoted withl 10% (f2N)nitcic acid vd 3,00 ppinluorideat l5f, the
corrosion rate otIO4Lia ovcrA,00rnpy. Therefore, there is a conten aboutexcessive corrosion rates duringacid clcaningunless the
fluorde is well inhibited. Keeping the vessel as cool as possible, below 100P, would reduce the extent of attack by chloride (pinting and
crevice corrosion) and, and with the additin of Al*, general corrosion due tofluoride. 304LvillbesuitaAeifpToprlyproteted by
temperature and luornde complexants such as Al. The less control of the acid conditions, sthe more consideration that will have to be
given to more corrosion resistant auoys.

Conclusion:
At temperaImrs less than about 1407, 304L is expected to be sufficiently resistant to the waste solution with a probable general corosion
rate of les than I rpy. Even consideriug acid cleaning. 316L will be acceptable if tinsing procedure is developed to reduce the eflfectn of
fluoride during acid conditions

b Pitting Corrosion
Chloride is known to cause pitting of stainless steel and related alloys it acid and neutral solutions. Dilon (2000)is ofth opinion that in
alkaline solutions, pl>l2, chlovides ae likely to promtve pitting only in tight crevices. Dillon and Koch (1995) ae both of the opinion, that
fluoride will have little effect in an alkaline media. Jenkins (2000) has staled that localized corrosion can oceur under the waste deposits on
heat transfer surfaces, probably due to the chlorides. Further, Revie (2000) and Uhlig (1948)note nirste inhibits chloride pitting.

Normally the vessel is to operate at 1l3", At the nornal temperature. based on the work of Zapp (1998) and others, 304Lesaitlcs, steel
would be acceptable in the proposed alkaline conditions at the upper pH values. The condition of solids and deposits present during
possible acid cleaning mans that 316L is the lowest alloy to be used. Even then, flushing will be required.

If thevessel were filled with process waterand leftstgnant, there would be a tendencytopit. The time to initiate would depend on the
source of the water, being shorter for filtered river water, which tends to be dirtier, and longer for DIW. Pitting has been observed in both
cases, and is likely because residual chlorides are likely to remain and to concentrate.

Condusion:
Based on the expected operating conditions, 316L is expected to be satisfactory At ihe stated openting tenperature and if the pH is neutral
or higher and if the duration and exasnt of possible low pH offnormal conditions and acid cleaning are controlled.

c End Grain Corrosion
End amin corrosion only occurs in retal with exposed end grains and in highly oxidizing acid conditions.

Conclusion:
Not believed likely in this system.

it Stress Corrosion Cracidag
The exact amount of chloride required to cause stress corrosion cracking is unknown. In part this is because the aniount varies with
tempukltre, metal sCsititation, and the evironment, bus also because chloride tttds to oncente under heat transfer conditions, by
evaportionad elecfroehemicallyduring a conrsim pocass. Henee, even as idle aslO ppm can lead to cracking tnder some conditios.
Generally, as seen in Sedriks (1996) and Davis (1987), stress corrosion cracking does not usualy occur below about 140*R. With the stated
low operating tnwemrbnn and allirie conditions, 304L is expected to be satisfactory. However, becauseofthe posuiityofasld
cleaning, 316 L will be the mrin umacceptable alloy.

Conceusfon:
ITe miirnum alloy recomerrnded is & 316L minie steel.

HLP-VSL-00022: Sheet:2 of 7
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e Crevice Cornation
Sec Pitting

Condusion:
See pitting.

I Corrosion at Welds
Corrosion at welds is not coasidered a problem in the prposed environment.

Conlusion:
Weld corrosiot is not considered a problem for this system.

g Microblol ogaleuy Induced Corrosien (MIC)
The proposed operting conditions are not conducive to microbial growth - the temperature is approximately correct butthe pH is generally
too alkaline The use of uitrested precest waler may be a concen. The use of DIW is recommended.

Condusion:
MIC is not considered a problem.

it FatideCormuon Fatigue
Coraoin fatigue is a not expected to be a problem.

Condrlions
Typically not a problem.

I Vapor Phase Corrosion
The vapor phase portion of the vessel is expected to be cmacd with particles of wast fom splashing. It is unimown whcther the vessel,
and particulary the lid, will be suffieintly ashed rwhethermnidui. acids or solds wil be present hithefonrm case,304Lwouldbe
satisfactory. If solids oracids and solids eprenet, a 316L or better is preferred.

Conclusion:
316Lisrecommended.

j Ereion
Based on past experments by Smith & Elmore (1992), the solids ae soft and erMaioa is not expected to be a concern for the vessel wall
Based on 24590-WW-RT-M-(4-000S, a general erosion allowance of0.016 inch is adequate fo components with mUimWmn solids
comztnp to 27.3 wv%. Addiional 3t6Lstiless steel shoulit be pmvied as localized prtection for the applicable portions of the bottom
head to accommodate YJM discharge velocities of up to 8 ms withsolids conintrations of 2646 wt% for % usageof 100 %operation as
documented in 24590-WTP-M0E-50-00003. HLP-VSL-00022requies at lcast0.398-inch additional protection. The26.46 wt%is
considered tohe cocserentive nd is based ac the WT? Priit Coitacaximtta During nmloperation, the solids cotncof HLP.
VSL.00022 is cxpcted tobe well below the anticipated maxinunL

M. wear of the PNM nozzles can occur from flow for both the dischar and reflood cyses. of operation. At least 0.357-itch of additional
316L stainless steel should be provided on the inner surface of the PJM nozzle to accommodate wear due to PJM discarge and suction
velocities with solids concetradios of26.46 wt% for usage or 100 % operation as documented in 74590-WTW-M0E-5000003.

Concluion:
The recommended corrosion allowanceprovIdes sufficient protection for crosion of the vessel wall. Additional localized protection for the
bottom head wilt accornmodate VIM dischare velocities and for the PIM nozzles will aceommodae PM diachsege ad reflood velocities,

k Galing a( MoviagSurface.
No moving surfaces within the vessel.
Conchriga
Not applicable.

I Fretting/Wear
No cor.aoing surfaces expected.

Conclusion:
Not applicable.

- Galvale Corresion
No dissimilar metals are PrSenL

Conchuson:
Not applicable.

HLP.-VSL-00022: Sheet:3 of 7
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t Cavitation
None expected.

Caclusin:
Not believed to be of concern.

oCreep
The temperatures am, too low to be a conema.

Conclusaio:
Notapplicable.

p lnadvertent Nitri Atid Addition
Higher chloride contents and higher rreeratra usually require higher alloy materia. Niae ions inhibit the pittingtand crekmce cqnosioa
of stainless alloys. FurThermonr, nitric acid passivates these alloys; therefore, lower pH values brought about by increases hi she nitric acid
content of process fluid wifl not cawmethigher corrosion rates for thes alloys. The upsetcondition that was rnst likely to occuris lonnving
of the p$ of the vessel content by indvrtent addition of 0.5 M titric acid. lAwedngotpH ory tukechoiideontiing solutdcn wm
likely to cause pitting of sainless alloys. Increasing the nitric acid conlent of the process fluid adds more of the pitthng-inhibiting nitra ion
to the process fluid, In addition, adding the nitric acid solution to the stamn will dilute the chloride content of the process fluid.

Conclusion:
The mrecmndcd rnwcials will be able to withstand a plausible inadverent addition of 0.5 M nitric acid for a limited period.

HLP-VSL-00022 Sheer:4 of
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24590-WTP-RPT-PR-4-0QDo, Rev. B
WTr Process Corrosion Data

4.6.2 HLW Feed Receipt Vessel (HLP-VSL-00022)

Routine Operations

High-level waste feed from the Tank Farms is received into the HLW feed receipt vessel (HLP-VSL-
00022). Tank Farm waste that has a temperature or solids content above the criteria for vessels
FRP-VSL-00002A/B/C1D, which receive LAW waste from tank farms, can be sent to vessel
HLP-VSL-00022. Once receipt is complete, sampling for confirmation of waste acceptance will
begin. Sampling for criticality is required for HLW feed receipt The HLW feed is sampled for
waste concentration. The waste concentrations must be below the acceptable criticality limits. The
vessels are equipped with cooling jackets to maintain the temperature at or below 113 OF. During this
staging period, FJMs will operate to provide sufficient mixing within the vessels, and the
recirculation pump will run to maintain a flooded suction line. When required, HLW feed will be
transferred for processing. HLW feed may be fed to one of three systems for processing. 1) the waste
feed evaporation process system (FEP), 2) the ultrafilration process system (UFP), or 3) the waste
feed receipt process system (FR), for evaporation, filtration, or blending, respectively, This will be
determined by the curent plant status and will be evaluated on a case-by-case basis during plant
operations.

Non-Routine Operations that Could Affect Corrosion/Erosion

This vessel overflows to PWD-VSL-00033.

There is also the option to return HLW feed from the HLW feed receipt vessel back to the Tank
Fanns via the waste feed return pump, FRP-PMP-00001, in system FRP. This is the case when the
HLW feed does not meet the requirements of the specification for HLW feed. However, this is
considered an infrequent event.

HLP-VSL-0O022: Sheet:? of 7
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PVP-SCB-00002 (PTF)
Vessel Vent Caustic Scrubber
* Design Temperatum (eF)(max/min): 150/-20
" Design Pressure (psig) (max/izn): 151-5
* Location: intell

iSSUED ON
RPPWTP Par,

R10S9149S

Contents of this document are Dangerous Waste Permit affecting

Operating conditions are as stated on sheets 5 and 6

Equipment will not be maintained.
Options Considered:
* Normal opeating conditions
* Derineralized water or acid wsh

Materials Considered:
Material Relative AfteptabLeMaterial Unaeceptable

(UNS NO. Colt Material
Carbon steel 1 0.23 X
304L (S30403) 1.00 X
I (S3I603) _ j .i X(COUim) I
timflN&23...__ 7.64X-
ADZy22N0602) __ 11L4 X

LTi-2.R50400) 10.1 x

Recommended Material: Column: 316 (mar 0.030% C; dual certified)
(0.040 inch corrosion allowance includes 0.024 inch corrosion
allowance and 0.004 inch erosion allowance)
Column packing: UNS N08367 (0.0 inch corrosion allowance)
Demister packing: UNS N08367 (0.0 inch corrosion allowance)

Process & Operations Limitations:
f Develop rinsing/flushing procedure for acid and water

u11/7/5

Please note that source, special nuclear and byproduct materials, as
defined in the Atomic Energy Act of 1954 (AEA), ae regulated at
the U.S. Department ofrEery (DOE) faciliti exclusively by Dno
actng pursuant to its ABA authority. DoE assens, that pursuant to
the AEA, it has sale and exclusive responsibility and authodty to
regulate sourre, special nuclear, and byproduct maeials at DOE-
owned nulear facilities. Information contained herein on

1EXPIRE 1207k'7

sis providd for process ciption purposes only. This bound document contains a total of 6 sheets.

1 ) k Issued for Permitting Use

0 11/2/04 Issued for Permitting Use LA JRD APR
REV DATE REASON FOR REVISION PREPARER CHECKER APPROVER

Sheet: I of 6
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Corrosion Considerations:

Thesetibber treats the vent off-gas stream collected from ite process vessels in the Pretreatment facility. Pat of the
NQSacid gases present in the stream reacts with the caustic in the scrubber to form sodium nitrate. Fresh 5M caustic
solution is added to control the pH of the recirculating scrubbing liquid. it is expected that dilute nitric acid wmll probably be
used to dissolve solids build-up in the column.

a General Corrosion
Hanner (1981)lists a corrsion rate for 304 (snd 304L) in NaOH of les than 20 mpy (500 pm/y) at 771s and over 20 rpy at 122"F. He
show 316(and3l6L)hasameofl s n2mpyuptof22"F andSONaOH. Dillon (2000) and Sedriks (1996) both stte tat the 300
series stainless steels amaccepwble in up to 50% NaOH at nwemrasum up to about 122 F or slightly above. Davis (1994) states the
corrosionrate for 304Lin ptne NaOH will be less then about 0.1 mpy up to about 212"F though Sedriks states thedata beyond about 122F
ar; inconect. In this system, the normal hydroxide concerarions and teuperatures are such that 304L stainless steel will be acceptable.

Dilute acid is not expected tobe a concern even in dissolving deposits.

The corrosion rain of the 6% Mo alloys is expected to be Oe saser or I tsa than that of the 300 serious stainless steels.

Concdusion:
At the stated temrres, 304L. 316L or a 6% Mo am, expected to be sufficiently resistant to the waste solution with a probable general
cormsion rate of less than I mpy and during nomal operation <01 mpy.

Is Pitting Conrrnon
Chloride is known to case pitting in acid and neetral solutions. Under the stated conditions, 316 stainless steel or better will be required.
If the system is always operating, 316L will besatisfaory. Hower Textended periods of stagnation ae likely, a tort resistant alloy
will he needd. 6%M. alloys ae more resistant to pittig dun S1S.

Condiusion:
316L is recommended for the main vessel. 6% Mo is also acceptable.

c End Grain Corresion
End grain oenosion only occurs in metal with exposed end grains and in highly oxidizing acid conditions.

Cancuson
Not applicable.

d Strens Corrosion Cracking
The exact imnt of chloride reeuised to cwuse anrss corrosion eraeking is ekown. In pan ibis isheeoate thetamunt vries with
temperarue, retal sensitdiltion, and the envitonment It is also unkown because chloride tflds to concenrate under heat tansfer
conditions, by evaporation, and elditiehemicasly Ouing a conosion process. Hence, even as little as 10 ppm con lead to crting under
some conditions, Generally, as seen in Sedriks (1996) and Davis (197), chloride stress corrosion cracking does not usually occu below
ots 1W4* nd SO4Ltis epcted to bvnstiztosy. Bccamseef the possiility of chloride conecenflhiti, 3lELwould be the nnem

choice.

Concluson:
Attthe notn opzrating enviennment, shc miimnm alloyr ncmmnded for nor.3 oportion is a norLmatainles athougha6%No is
acceptable.

eCreviecCorrosion
Cmevice corrosion occurs at lower temperatures than does pitting. The presence of packing in Contact with itself and the wsll of the vessel
can lead to crevice attack, The demister pad is at risk whers strands coast one another. ALSXN is more resistant thain 316L

Conlusion:
316L is satisfactory for vessel if crevices are triinized. Packingshouldbe ALO or S16Losrbetter, Demist pads should be6% Mo.

f Corrosion at Welds
Corrosion at welds is not considered a problem in the proposed environment.

Conuson:
Weld corrosion is not considered a problem for nhis system under normal operating condhions.

z Micrubiologicully Induced Corrosion (MIC)
The proposed operating conditions are generSally not ideal for MIC.

Conclusion:
.MIC isnot considered aproblem.

PVP-SCB-00002 Sheet:2 of 6
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b Fatigue/Corrosion Fatigue
Corrosion fatigue does not appear to be a concern.

Condusions
Not a expected to be a concern.

iVapor hase Carrsin
Vapor phase corrosion will be I function of the degre of agitation, solution chernistry, and tenperaturt. Nonetheless, it is not deemed A
problemn in this vessel.

Condusion:
Not likely to be a concern,

jEnoioa
VeLocities are expected to be low. Erosion alowance of 0.004 inch for components with low solids content (<2 WE%) at low velocites is
based on 24590-WTP-RPT-M-04108.

Conclusion:
Not expected to be a concern.

k Galiag af Moving Surfaces
Not applicable.

Conclusion:
Notapphioable.

IFretting/Wear
No contaeting surfaces expected.

Conclusion:
Not applicable.

n Galvanic Corrosion
No significantly dissimilar metals are present.

Cbnclwsion
Not expected so be a concern.--

* Cavitation
None expected.

Condusion:
Not believed to be of concern.

oCreep
The tempermres are too low to be a concern

Condn ion:
Not applicable,

p Inadvertent Nitric Acid Addition
Higher chloride cotents and higher temperatures usually require higher alloy roaterials. Nitrate ions inhibit the pitting and crevice conosion
of stainless alloys. Furthenore, nitric acid passivaics these alloys; therefore, lower pH values brought about by increasea in th nttric acid
content of process fluid will not cause higher corrosion rates for these alloys. The upset condition that was most likely t occur is lowering
of the pH of the vessel contestthy ttnadvetnteaddition of 0.5 Nt ttiwic acid. ttwermtg of pH stay ntke $ ctol~orunimg solution rout
likely to .awe pitting of stainiass alloys. Incrasing the nitric acid content of the process fluid addsa e of the piting--mibitg nitrate ion
to teproces fluid. In addition. adding Thenioic acid solution to the strem will dilute the chloride content of the process fluid,

Conclusion:
The recommended materials will be able go withstand a plausible inadvertent addition of 0.5 M nitric acid.

PVP-SCB-00002: Sheet:3 of 6
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24590-PTF-NiD-PVP-P0002
Rev. 1

PLANT ITEM MATERIAL SELECTION DATA SHEET

PVP-VSL-O001 (PTF)
HEME Drain Collection Vessel
* Design Tcme ain1MXnaxmMn) 200140
* Design Pratt slg (a~nirVeeml):15-
. Ilncatiwi 1oct1

11l11111o1

OeWMBY
-WPvc

Contents of this document are Dangerous Waste Permit affecting

Operating conditions are as stated on attached Process Corrosion Data Sheet

Options Considered:
. Vessel receives nush drains fhum PVP HEMEs
* Was ~acidfr

Materials Considered:

Maerial Rhative Aetqplable UsscepttAbe
(UNS N.) Cot Materia Materal

Carbon Steel 0.23 X
304L (30403) 1.00 x
316L{S31603) 1.18 X
6% Mo (N08367/N08926) 7.64 X
Ally 22 (N06022) 11.4 X
Ti-2 (R50400) 10.1 . x

Recommended Material: 304 (max 0.030% C; dual certified)

Recommended Corrosion Allowance: 0.040 inch (includes 0.024 inch corrosion allowance and
0.004 Inch erosion allowance)

Process & Operations Limitations:
. Develop rinsing/llushfrg procedur for WWld and water

Please note that sowrc, special nuclar and byproduct mwterials, as
defined m the Atonic Energy Act of 1954 (AEA), a regulated at
the U.S. Departmrnt of Ewy (DOE) facilides vxcbusively by DOE
actog pwsuant to its AEA authority. DOE asserts, that pursuant to
the AEA, it ha. sole ad exclusive responsibility and authority to
reguiite source, special nuclear, and byproduct rutenals at DOE-
owned nuclear faciliies. hdbormation cceflhned herein an
radionuclides is provided for procesx desoriptian purposns ly. This bowud docummet contains a to of6 shets.

Issued for Pcrritting Use

0 11/4/04 Issued for Pemitting Use DLA
REV DATE REASON FOR REVISION PREPARER CHECKER APPROVER

sheet: I of6

if

(oyl Y/4 D 4

lEXPIR .I



24590-PTF-NID-PVP-P0002
Rev.1
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Corrosion Considerations:

This vessel will be used to store HEME drain before transfer to the PWD system

a Cteral Crrdoms
in this synes, the ornal pH conditions and temperatures are such diat 304L stainless steel would be acceptable under the low chlonde
conditions.

It is anticipated that the cantint of this vessel art generally alalin; hovtver, the possibility of acidic conditions due to Wcid= wash of the
HEMEelements exists. Haimer (1981)lis both 304L and 3l6L ronionrates us<2npyattnmpqatu up toISVF. Basedan
ias s from Cole (1974, corrosion rates for 304L for all of the concentrations <4 M and at emturs to boiling are expected tobe

less that I rpy. In about 6 M acid at 145-F, the conosion rate is approxinvtely 2 eqty.

Cecadon:
304L and 316L an expected to be sufficiently resistant with a probable general corrosion rate of less han I qpy under normal operating
conditions.

bilittligqCerrusian
Pitting should not be a concern for 304L or 316L at the staled low-chloride conditions and stated temperture.

Cenhia-
Under noanl conditions, 304L is expected to be satisfactory

e End Grain Corroeson
End grain corrosion only occurs in metal with exposed end grans and in highly oxidizing acid conditions.

Concdushin:
Not applicable to this SylWe

d Stress Corrosion Crackdug
The exact amount of chloride raquired to cause sts. corrosion cracking is tntown In part this is became the armnt varies with
temoperatuin, octal sensitization, and the onvironmnt. But it is also unknown because chloride tends to concentrate under leat transfer
cw ions, by evaporation, and electnochemnicaly duringa corrosion process. Henceeven aslittleasafewppmm leadto rackinguwder
soe conditios. Generally. as seat in Sednks (1996) and Davis (1987), chlonde ats. cormsion cracidog does not usually occur below
about 140F. During the normal operations, either 304L or 316L are expected to be satisfactory.

Conlduslan:
At the normal, stated, operating environmrent. 304L is recommnnded.

* Crevice Corrosion
See Pitting.

Condusion:
See Pitt"g

I Corruloa at Welds
Corrosion at welds is not considered a problem in the proposed mvnnnnt.

Coadusion:
Weld corrosion is not considered a problen for this system.

g Mlcreblnlgcafly Induced Corrosio. (IC)
The proposed operating temperatures a acceptable for microbial growth but there appears to be ittle chance of the introduction of
ncrobe.

Camdusioi:
MIC is not expected to be a problem

I FatilapeCerraslon Fatigue
Corrosion fatigue is not expected tobe a problem in this vessel.

andusions
Not considered to be a problem.

PVP-VSL-OOODI: Sheet:2 of6
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PLANT ITEM MATERIAL SELECTION DATA SHEET

I Vapor Phan Corrosion
Not considered to be a concemi in this vessel.

conclusion.
Noteconcait.

Velocities within ie vessel are expected to be low. Ertion a11o00ce of 0.004 inch fix cornponents with low solids content (<2 wt%) at
low velocities is based on 24590-WP-RFr-M04-000I.

Conclusion:
Not expected tobe a concert.

kGawlaMofoving S fams
Not applicable.

Contius:
Not applicable.

I PrealsyWear
No contocting surfces expected.

Condusion:
Not apphbcble.

m Galvanic Corrosio.
No dissimilar metals are present

CbdusoMn:
Not apphcable.

2 Cavitation
Cavit-tion is usually encountered in high velocity fluids and notnorrally expected in vessels.

COndustomr
Not applicable.

*Creep
The twspeuncs are too low tobe a concern.

Condisuon:
Not applicable.

p Inadvertent Nitric Acdd Add tia
Higher chloride coolaits and higher t eratures usually reqire higher alloy mterials. Nitrate ions inhibit the pitting and crevice corrosion
of stainless alloy. Furhermoe, nitric acid passivates tiese lloys; therefore, lower pH values brought about by inctases in the nitric acid
conteot of prcess fluid will not cause higser corrosion rates for these alloys. The upset condition that was most likely to occur is lowering
ofthe pH ofthe vessel content by nadverhent addition of0.5 M nitric acid. Lowering of pH muyimkea chlorideconmting soluton nme
hkely to cause pitting of stainless alloys. increasing the Wtric acid content of the process fluid adds moe of the pitung-inbibitmg nitrale ton
to thproces fluid, in addition, adding the nitric acid solution to the sbeam will dilute the chlonde content of the process flmd.

The recommmndcd materals wil be able tovwithsmd a plausible madvcrnent addiion of 0.5 M nitmc acid.

PVP-VSL-00001: Shect:3 of 6
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7. Ubhg, H, 1943, Corosion Handbook John Wiley & Sons, New York, NY 10152
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24590-WTP-RPT-PR-04-0001, Rev. B
WTP Process Corrosion Data

PROCESS CORROSION DATA SHEET

Component(s) (NametD #) PVP HEME (PVP-HEME00OO1A/B/C); PVP HEME drains (PVP-VSL-2001)

PIP

we g'vpyvtccct V)

PVP-VSL-00001: Sheets of 6

Facility

In Black Cogi?

ChewUcals Onit Contract mu NonRoutine Notes
LOOM No leoh Le.ch Noth I

luntinum 5 t 04E 5L OE43
.hcdiide g.o 2 06EM 2 3E-03

Fucildsga 2 AEm 2 79E03

In 3 79E4t 4 E04

to I OSE-02 S 12E02

9r1e 242E02 279E42
osphatan 7 OIE-03 a E4-3

Sult. ...iL. 4E 487E 03
Marcur g__________

alboaate 4t AE-2 _ E2

Undissofrud solids W.%
NaMnO4, Pb..., 9M

C .WfA N t3

e fpr le 

'F*Not, 2

stat Ciganic Species:

efernces
2 0MF-3yD>P-0l RM' A

Iaen Einc Wa*,wiat 2dasoMwrp-MC-viT.00 ReM

o 245W9pTF-M8-YI7T-P021OO SRe C
astc bmpf WA

Notes:
.Coiatfbls lewhn ioit~rdonatafldt. ,lsmesd.Mawk..sitfroiaSsaariiglnhe
.T oneloMrt 9 'Ft 1'F,rnel '(245SGF44IVCPVP.WI0 Revfl)

3 pHppreofi0ty

Assumrptions:
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PLANT ITEM MATERIAL SELECTION DATA SHEET

PWD-VSL-00044 (7fF)
Plant Wash Vessel
. Desip Tenpematue (OF(maxiin): 237140

e Desi Prasure (psig)(ax/in): I/-4
* Location: nccli
SPIM Discharge Velocity (fps): 40
* Drive Cycle. 17% (at 40 fps)

.SSUhD 
RwpPwp por

R1066128e
Offspring items

PWD-VSL-0121- PWD-VSL,00 125
PWD-PJM-0002I - PWD-PJM-0002,
PWD-RPD-00121 -PWD-RFD-0025

Contents of this document are Dangerous Waste Permit affecting

Operating conditions are as stated on attached Process Corrosion Data Sheet

Operating Modes Considered:
. Normi oprng cuiditioin

Materials Considered:
Material Relative Acceptable Unacceptable

(UM No.) CAMt Material Material
_Catbo Steel 0.23 x
304L(S30403) 1.00 x
316L(S31603) 1.18 x
6%- Mo (Q08367/N08926) 7.64 X

Al 2)11.4 x
Ti-2 (RS040) - 10.1 x

Recommended Material: 316 (max 0.030% C; dual certified)

Recommended Corrosion Allowance: 0.040 inch (includes 0.024 inch corrosion
allowance and 0.016 Inch general erosion allowance; additional
localized protection required and discussed in section j)

Process & Operations Limitations:
* Develop rinastigflushing procedure for acid and wat.

Plea note that swuive, special nuclear and byproduct Mnuteials, as
defined in the Atomic Energy Act of 1954 (AEA), a- elated at
the U.S. Deparwment of Pnergy (DOE) facilities exclusively by DOE
acting pxsoant to its AE authority. DOE sur, that pursat to
the AEA, it has sole and exclusive WsponibiliTY and authority to
reglae source, special nucla, and byproduct materials at DOE-
owned nuclear facilities. InforAtion cantained herein on
radionuclides is provided for process descriptin pwpcsw anly. 'aisbound docunrt centains a total of7 sheets.

Issued for Pernitting Use

0 2/19/04 Issued for Permitting Use DLA JRD APR
REV DATE REASON FOR REVISION PREPARER CHECKER APPROVER

Sheet: lof7
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PLANT ITEM MATERIAL SELECTION DATA SHEET

Corrosion Considerations:

pWD.VSL.00044 routinely receives recycle materials from the PVP, PAV, RLD and PWD systems as well as laboratory
wastes. During non-routine operation, the vessel can receive plant wash solution through the PWD breakpots. Vessel is
equipped with wash rings. 19 M sodiwn hydroxide reagent header is available to adjust excess acidic effluent to pH > 12.

a Geneiral Corrsion
The normal operating temperature is between 59 and Ill IF. Periodically, steam can heat incoming stream to 2120F (with
a design tamperature of 237 F). The high temperature is anticipated to be localized and of short duration.

In this vessel, the temperatures normally will be sufficiently low that uniform corrosion will not be a concern.
Harmer (1981) lists a corrosion rate for 304 (and 304L) in NaOH of less than 20 mpy(500 pwiy) at 77F and over 20 mpy
at 1220F. He shows 316 (and 316L) has a te of less than 2 mpy up to l22*F and 50% NaOH. Dillon (2000)and Scdriks
(1996) both state that the 300 series alloys are acceptable in up to 50% NaOH at temperatures up t6 about 1220F or slightly
above. Divine's work (1986) with simulated-radwaste evaporators, six months at 14097, showed 304L was slightly more
resistant to corrosion (4.2 mpy) than was 316L (<0.6 Wy); Ni 200, pure nickel, was much less resistant (47 mpy) probably
due to the complexants. Zapp (1998) notes that the Savannah River evaporator vessels, operating at about 2667F, are node
of 304L and no failures are known to have occumd. Failures have occurred in the 304L heat transfer surfaces. Gray's
review of the Savannah River evaporators (1994) confirms that all falures experienced since the system shut-up in 1960
have been from failed tube bundles, not the evaporator vessels. Ohl & Carlos (1994), in their review of the 242-A
Evaporator, found in waste similar to that expected in LAW, the corrosion of 304L after about two years of operation at
140-F was less than the accepted variability of the plate. Because of uncertainties in the starting thickness of the metal, a
review ofthe raw data was inconclusive.

Davis (1994) states the corrosion rate for 304L in pure NaOH will be less than about 0.11 mpy up to about 212OF though
Sedriks (1996) states the data beyond about 122*F are low due to oxidizing agents. Danielson & Pitman (2000). basal on
short term studies, suggest a corrosion ramt of about 0.5 mpy for 316L in simulated waste at boiling, >212MO.

Conclusion:
At the stated operating conditions and in an alkaline environument, both 304L and 316L have very low corrosion rates and
either is acceptable. However, 316L is considered somewhat beter suited to the possible cleaning conditions and is
recommended.

b Pitting Corrosion
Chloride is known to cause pitting in acid and neutrl solutions. Dillon (2000) is of the opinion that in alkaline solutions,
pH>t2, chlorides am likely to promote pitting only in tight crevices. Dillon and Koc (1995) re of the opinion that fluoride
will have little effect Further, Revie (2000) and Uhlig (1948) note that nitrates inhibit chloride pitting. Wilding and Paige
(1976) note that nitric acid inhibits chloride attack though their data are at higher temperatures and concentrations.

Conclusion;
Under normal conditions, 316L is expected to be satisfactory.

c End Grain Corrosion
End -ran corrosion only occurs in metal with exposed end grains and in highly oxidizing acid conditions.

Conclusion:
Not applicable to this systam.

d Stres Corresion Cracking
The exact amount of chloride required to cause stress corrosion cracking is unknown. In part this is because the amount
varies with temperature, metal sensitization, and the enviroment But it is also unknown because chloride tends to
concentrate under heat transfer conditions, by evaporation, and electrochemically during a corrosion process. Hence, even
as little as 10 ppm can lead to cracking under some conditions. Generally, a. seen in Sedriks (1996) and Davis (1987)
stress corrosion cracking does not usually occur below about 140F. If the concentrations are as stated, stress corrosion
cracking will be minimized. Although caustic cracking is possible above 140-F, it is not expected under these conditions
due to the presence of oxidizing species such as nitrate.

Conclusion:
Because of the normal operating environment, 316L stainless steel is expected to be acceptable.

PWD-VSL-00044: Sheet2 of 7
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* Crevice Corrosion
The pitting discussion covers thisarea.

Conclusion:
See Pitting

f Corrosion at Welds
Corrosion at welds is not considered a problem in the proposed environment.

Canchusion;
Weld corrosion is not considered a problem for this system.

g Mcrobiologeally Induced Corrosion (MIC)
ne proposed operating teqopertures re suitable for microbial growth but, additionally, the location of the system in the
process suggests little chance of the introduction of microbes.

Conclusion:
MIC is not expected to be a problem.

h FadgueaCorraaloa Fatigue
At the operating pH, corrosion fatigue is not expected to be a problem in a proper designed vessel.

Conchusknis
Not considered to be a problem.

I Vapor Phase Corrosion
Te vapor phase portion of the vessel will be spattered with solution and pitting or crevice corrosion may be a concern. The
presence of wash rings within the vessels will allow this areato be rinsed.

Conesbon:
Not a concem.

j Erosion
Based on past experiments by Smith & Elmore (1992), the solids are soft and erosion is not expected to be a concern for the
vessel wall. Based on 24590-WTP-RPT-M-04-0008, a general erosion allowance of 0.016 inch is adequate for components
with maximm solids content up to 27.3 wt% at velocities less than 4 rats. Additional 316L stainless steel should be
provided as localized protection for the applicable portions of the bottom head to accommodate PDA discharge velocities of
up to 12 mfs with solids concentrations of 13.5 wt% for a usage of43 % operation as documented in 24590-WTP-M0C.50-
00004. PWD-VSL-00044 requires at least 0.067-inch additional protection. The 13.5 wt% is considered to be conservative
and is based on the WTP Prime Contract maximum. The fraction of the time that the solids concentration is expected to be
at maximum is 10 %. During normal operation, the solids content of PWD-VSL-00044 is expected to be well below the
anticipated maximum.

The wear of the PJM nozzles can occur from flow for both the discharge and reflood cycles of operation. At least 0.046-
inch of additional 316L stainless steel should be provided on the inner surface of the PJM nozzle to accommodate wear due
to PJM discharge and suction velocities with solids concentrations of 13.5 wt% for usage of 43% operation as documented
in 24590-WTP-MOC-50-00004.

Conch sion:
The recommended corrosion allowance provides sufficient protection for erosion ofthe vessel wall. Additional localized
protection for the bottom head will accommodate PJM discharge velocities and for the PJM nozzles will accoimodate PJM
discharge and reflood velocities.

k Galling of Moving Surfaces
Not applicable.

Conclusion:
Not applicable.

PWD-VSL-0D044: Sheet3 of 7
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I FrettIag/War
Fretting/wear is not anticipated due to the lack of moving puts.

Conclusion:
Not a concem.

m Galvanic Corromlon
in the proposed environment and with the lack of dissimilar alloys, there are no potential differences. Therefore, no
galvanic corrsion is expected.

Conclusion:
Not a concern.

a Cavitation
None expeited.

Conclusion:
Not believed to be of concem.

o Creep
The temperatures are too low to be a concern.

Cousion:
Not applicable.

p Inadvertent Nitrie Add Addition
Higher chloride contents and higher temperalures usually require higher alloy materials. Nitrate ions inhibit the pitting and
crevice corrosion of stainless alloys. Furthermore, nitric add passivates these alloys; therefore, lower pH values brought
about by increases in the nitric acid content of process fluid will not cause higher corrosion rates for these alloys. The upset
condition that was most likely to occur is lowering of the pH of the vessel content by inadvertent addition of 0.5 M nitric
acid. Lowering of pH my make a chloride-containing solution me likely to cause pitting of stainless alloys. Increasing the
nitric acid content of the process fluid adds more of the pitting-inhibiting nitrate ion to the process fluid. In addition, adding
the nitric acid solution to the stream will dilute the chloride content of the process fluid.

Coicitwion:
The recommended materials will be able to withstand a plausible inadvertent addition of 0.5 M nitric acid for a limited
period.

PWD-VSL-00044: Sheet:4 of 7
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Component(s) (NamelD8I Plant wash vessel (W-VSL00044)

Facility

In Black Call?

PTP

y"
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Chemicals Unit Contract Maximum Non-Routine Notes
U____ No bath Lo"t, No toam

luminum g 422 6.3642 230E01 2.3101

hloride 2j Ui.2 fsr-M sE42 so.sot
Fluoride g 72642 OSE-42 1A5*1 1.2I-0i

Iron O 32E-01 20-r01 1uAM 1 _.816&02

Nitrate I 1JE*01 1.2E401 1.54E.+1 SE00
Nftl. g 4A&02 6.AMl 4G1 BSl.A01

-hosphate g E6402 7.5542 3.535Et 4.13601

Sul 1hat g -KE.502 4.15.- 116.01 2.2401
MUCUr g 4.&2t 6KCl 647E4 1.425-04

fboniatg 4on -2 6416-42 36.Ot5 7.24C-01
Undissolved solids WMIS Nl*4
Other fNaMnO4, Pb,.- an
Other an

-4NMA NWt3
Temperture "_ NOCS2

List of Organic Speces:

Refernces

11r A
senaessa... mc sersyad *.na.all.$ - garmi*4.ntmp.mie a.

- coa: qi~tl ' 11' 4Sfl1YnW4U. et
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4.9.13 Plant Wash Vessel (PWD-VSL-00044)

Routine Operations

PWD-VSL-00044 is located on the ground level in a black cell. It has a batch volume of 60,000 gallons. The
vessel is sized to receive washes from the largest potential wash and still be able to handle routine transfers
from other sources.

An air in-bleed and forced purge air are provided to dilute hydrogen generated in vessel PWD-VSL-00044.
Pulse jet mixers are used to provide a uniform mixture during neutralization within vessel PWD-VSL-00044.
An RFD supplies a representative sample of the vessel contents, which will be analyzed for pH in the
laboratory. Excess acidic effluent is adjusted (to pH>12) with 19 M sodium hydroxide supplied from a reagent
header.

An RFD supplies a representative sample of the contents of vessel PWD-VSL-00044 to the lab for analysis.
Normally, the contents of vessel PWD-VSL.00044 are blended with those of vessels PWD-VSL-000I5 and
PWD-VSL-00016 within vessel FEP-VSL-00017A or B to maintain a consistent evaporator feed.

Vessel PWD-VSL-00044 vents to the vessel vent caustic scrubber (PVP-SCB-00002) via the vessel vent
header,

During normal operations, vessel PWD.VSL-00044 receives recycle material from the following sources:

* HEME drains via vessel PVP-VSI-O00I and demister drains via PJV-VSL-00002
* Spent scrub solution from PVP-SCB-00002
* Contaminated effluent from RLD-VSL-00003 (LAW vitrification facility)
* Waste fromPWD-VSL-00043
* Active material from PWD-VSL-00033
" Laboratory wastes

Overflows from non-Newtonian vessels (marked with *) will be diluted with water as soon as normal operation
is achieved/recovered. A minimum dilution ratio (water/fluid) of 8 to I is expected.

Non-Routine Operations that Could Affect Corrosion/Erosion

* Vessel PWD-VSL-00044 overflows to PWD-VSL-00033.
* Wash rings are used for vessel and breakpot washing. A vessel-emptying ejector, installed from the UFP

system end, is used for non-routine transfers to the acidic/alkaline effluent vessel (PWD-VSL-00016).
* During non-routine operations, vessel PWD-VSL-00044 receives plant wash from the following sources:

- Plant wash solution from interior surfaces of pretreatment vessels via vessel-emptying ejectors
discharging to plant wasb/sump breakpots PWD-BRKPT-00007 through 10 and PWD-BRKPT-00017
and 19

- Plant wash solution from pretreatment cell walls, equipment exterior surfaces, and cell cladding via
sump-emptying ejectors discharging to breakpots PWD-BRKPT-00007 through 10 and PWD-BRkIP-
00017 and 19

* Condensate drain from pretreatment vessel vent header
* Active condensate from the high- and low-pressure steam condensate headers
* Active material from the closed loop chilled water

PWD-VSL-00044: Sheetl of7
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PWD-VSL-00015 & PWD-VSL-00016 (P)
Acidid/Alkaline Emiuent Vessel
SDesign Tempertwe1%)(dmx/rin): 23710
* DesignPressu: (psig)(max/Min) 15/-10
* Location: incell
* PIM Diswhargu Velocity (fpi): 40
I Drive Cycle: 17 % (at 40 fps)

24590-PTF-N1D-PWD-O0O3
Rev. 3

tiiiIlZ~IU
APwPDO R1O

Offspring items
PWD-VSL-I0015-

PWD-VSL-00101 - PWD-VSL-00105
PWD-PJM-00001 - 'WD-PJM-00008
PWD-WD-00101 - PWD-RFD-00105

PWD-VSL40016-
PWD-VSL.001 11-PWD-VSL-00 15
PWD-PJM-0001 I -PWD-PJM-O0015,
PWI)RFD-00111 - PWD-RFD-00115

1204

Contents of this document are Dangerous Waste Permit affecting

Operating conditions are as stated on attached Process Corrosion Data Sheets

Options Considered:
* Normn operatiS condition

Materials Considered:
Mstarial lRk tive AcepnMc Unecpqtable

USNo. Cost Material ManW
Carbon Steel - 0.23 X
304L (30403) 1.00 x
316L(S31603) 1.18 x _

6%Mo(N08367/N08926) 7.64 X
AMloy22(NQ6022) h4 x
Ti-2i56400 10.1 ,_ _ _X

Recommended Material: 316 (max 0.030% C; dual certified)

Recommended Corrosion Allowance: 0.040 inch (includes 0.024 inch corrosion allowance
and 0.016 inch general erosion allowance; localized protection
will be provided as necessary as discussed in section j)

Process & Operations Limitations:
* Develop rinsing/flushing psrcedum for acid operation or ensure a sufficient alkaline kevl exists duing acid 1In.

Please note tbat source, apcial nuclear and byproduct mtrscdak, as
defined in the Atomiv PanErgy Act of 1954 (AEA), are rmulated at
the U.S. IXparmnit of linergy (DOE) Tcilitis exclufvly by Dot
astingpursuant o its AEA authority. DOEmcrtsthtpuruantso
the AEA, it as sole and exclusive responsibility and authority to
regulate source. special nuclear, and byproduct materials at DOE- I EXPIRES 12J7 B
radionuclides is provided for procws, descdption punposca only. This bound docurnat contain a total o sheets.

3 4/4/g Issued for Permitting Use
2 12/23/04 Issued for Perimiting use LA APR Swy
1 | 11/10/04 Issuod for Perrnittiny Use DLA JRD APR
0 2/26/04 Issued for Permitting Use DLA JRD APR

REV DATE REASON FOR REVISION PREPARER CHECKER APPROVER
Sheet: I ofs
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Corrosion Considerations:

These vessels receive acidic/alkaline cleaning effluent and solutions from equipment in the CNP, CXP and UFP
systems, as well as non-routine transfers from other PWD system vessels,

a General Corrosion
'The normal operating temperature is 80 to 100 F. Periodically, steam can heat incoming streams to 2121O (with a design
temperature of237 OF). The high temperature is anticipated to be localized and of short duration.

In Hamner's data (1981), 304 (and 304L) lists a corrosion rate in NaOH of less than 20 mpy (500 pin'y) at 77 Of and over 20 opy
at 122*F. He shows 316 (and 316L)hasamtc of less than 2 mpyup to 122*F and5fl%NaOH. Dillon (2000) and Sedriks
(1996) both st that the 300 serics alloys are acceptable in up to 50 % NaOH at temperatures up to about 122OF or slightly
above. Davis (1994) states the corrosion rate fbr 304L in pureNaOH will be less than ahou 0.! mpy up to about 212"F though
Sedriks (1996) states the daa beyond about 122 IF ae low because of the presence of oxidizing agents -similar to nitrates and
nitrites. Danielson & Pitman (2000), based on short term studies, suggest a corrosion rate of about 0.5 rpy for 316L in simulated
waste at boiling, >212 IF. Divine's work (198f) with simulated-radwaste evaporators showed that 3041, was slightly more

raistant to corrosion (<0.a2 mpy) than was 316L (<0.6 mpy). Z (1998) notes that the Sayasn h River evaporator vesae
operating at about 300 OF,a m thade of 304L and have suffered no failures in about 30 years; 304L heat traner surfaces have
failed however after about 10 years.

The amount of fluoride is expected to be small although ultraflter washing with nitric acid might result in a high acidic fluoride
concentration. wllding mnd Pag (1976) have shown that in 5% nitric acid with 1000 ppm fluoride at 290 OF, the corrosion rate of
304L can be as high asS mpy. I it is assumed that the corrosion rate is roughly proportional to the fluoride concentration, even at
high temperatures, nornal conditions will result in low rates - the unknown is the acid wash conditions. If acid is added fron
another source, the vessel should cilber be flushed prior to addition of acid or retain a sufficient alkaline heel.

If the solutions vary between strongly oxidizing (pernianganote), alkaline, and acidic, then the conditions are similar to those in
nuclear reactor systems during decontamination and enhanced corrosion should be expected.

Conciusion:
304L or 316L will be sufficiently resistant to the waste solution at the expected temperatures with a probable general corrosion
rate of les than I ropy. Based on the Savannah River experience with Hanford-like waste at higher tempesatures, 304L is
expected to be satisftctory in hot waste. Rinsing procedure should remove as much waste as possible followed by a water rinse
prior to acid cleaning to prevent acid cleaning in the presence of excessive fluoride.

b Pitting Corrosion
Chloride is known to cause pitting in acid and neutral solutions with 316L more resistant than 304L Dillon (2000) is ofthe
opinion that in alkaline solutions, pll2, chlorides are likely to promote pitting only in tight crevices even with 304L Dillon and
Koc (1995) ame of the opinion that fluoride will have little effect. Jenkins (2000)has staled that localined corrosion can bi
undcrh15r the ositub probablyduetothe ilchloridte. Further, Revic (2000) and Ulig (1948) note that nirates inhibit
chloride pitting. Wilding and Paige (1976) note that nitric acid inhibits chloride attack though their data are athigher temperatus
and concentrations.

The vessels are shown to have substantial concentrations of chlorides and fluorides under normal operation. No indication of how
much can be present from ultrafiter washing. At the stated levels of halides and under alkaline conditions, 304L is expected to be
satisfactory even at 237OF. If the pH drops below 12, the halides must be removed. Pulsejet mixers provide sufficient agitation
to prevent deposits.

Conclusion:
Under normal conditions with agitation., 304L may be acceptable. However, because of non-routine low pH conditions, the more
pitting resistant 3161.1s recommended for conservatism.

c End Crain Corrosion
End grain corrosion only occurs in metal with exposed end grains and in highly oxidizing acid conditions.

Conclusion:
Not applicable to this system.
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d Stress Corrosion Cracking
Thcexact amount of chloride required to cause stress corrosion cracking is unkiown. In part this is because the amount varies
with tcmpcrature, metal sensitization, and the environment but also because chloride tends to concentrate under heat transfer
conditions, by evaporation, and electrochemically during a corrosion process. Hence, even as ulile as JO ppm can lead to cracking
under some conditions. Generally, as seen in Sedriks (1996) and Davis (1987), stress corrosion cracking does not usually occur
below about 140 OF. Thc "L gades of both 304 and 316 ar also more resistant to cracking than the higher carbon versions.
Further, the presence of nitrate is expected to inhibit cracking. If the concentrations are as stated, stress corrosion cracking will be
minimized. Because of the high chloride concentations, the likelihood of residual halides is high. Therefore a minimum of'3161.
is recommended

Cnckhion:
With t nomnal operating environment, 316L stainless steel is expected to be acceptable.

e Crevice Corrosion
The pitting discussion covers this area.

Conchaion:
See Piting

f Corrosion at Welds
Corrosion at welds is not considered a problem in the proposed environment

Conchwion:
Weld corrosion is not considered a problem for this system

g Mlcrobiolqlcally Induced Corrosion (MIC)
The proposed operating temperatures are slightly high for microbial growth but, additionally, the location of the system in the
process suggests little chance of the introduction of microbes. Further, the alternation between acidic and alkaline conditions is
not conducive to their growth.

Conclhsion;
MfiC is not expected to be a problem

h Fatlgue/Corroslo. Fatigue
At the operating pH, corrosion fatigue is not expected to be a problem in a proper designed vessel.

Concluions
Not considered to be a problem.

I Vapor Phase Corrosion
The vapor phase portion of the vessel will be spattered with solution. The presence of wash rings within the vessels will allow this
area to be rinsed.

Conclusion:
Not considered to be a problem.

j Erosion
Based on past experiments by Smith & Elmore (1992), the olids are soft and crosion is not expected to be a concem for the vessel
wall. Based on 24590-WT-Rfl-M-04-0008, a gencrl erosion allowance of 0.016 inch is adequate for components with
maxinmum solids content up to 27.3 wt%. Additional 316L stainless steel should be provided as localized protection for the
applicable portions of the bottom head to accommodate PJM discharge velocities of up to 12 rn/s with solids concentrations of 20
wt% for a usage of65 % (PWD-VSL-0015) or 54 % (PWD-VSL-0O16) operation as documented in 24590-WTP-MOE-50-
00003. PWD-VSL 00015 requires at least 0.093-inch additional protection and PWDl-VSL-00016 requires at least 0.077 inch
additional protection. The 2.0 wt% is considered to be conservative and is based on the WTP Prim Contract maximum. During
normal operation, the solids content of the PWD-VSL-000151I6 vessels is expected to be well below the anticipated maximum.

PWD-VSL-00015 & PWD-VSL-00016: Sheet3 of 8
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Thc wcar of the PJM nozzles can occur from flow for both the discharge and reflood cycles of operation. At least 0.065 inch, for
PWD.VSL-0Oil, and 0.054 inch, for PWD-VSL-O0O16, of additional 316L siteinless steel should be provided an the inner
surface of the PJM nozzle to accommodate wear due to PJM discharge and suction velocities with solids concatrafions of 2.0
wt% for 65 % (PWD-VSL-00015) or 54 % (PWD-VSL-00016) operation as documented in 24590-WTP-MOH-5-0003.

mchjslon:
The recommended corrosion allowance provides sufficient protection for crosion of the vessel wall. Additional localized
protection for the bottom head will accommodate PJM discharge velocities and for the PM nozzles will accommodate PJM
discharge and reflood velocities.

k Galling of Moving Surfaces
Not applicable.

Conclusion:
Not applicable.

I Frettiag/Wear
Prettintgwer is not anticipated due to the lack of moving parts.

Conchsimon:
Not a cocen.

= Galvanle Corrosion
In the proposed environment and with the lack of dissimilar alloys, there are no potential differences. Therefor, no galvanic
corrosion is expected.

Conclusio:
Not acocer.

R Cavitation
None expected.

Conclusion:
Not believed to be of concern.

a Creep
The tcnwatnres are too low to be a concern.

Conclusion:
Not applicable.

p Inadvertnt Nitric Acid Addition
Higher chloride contents and higher temipcraturns usually require higher alloy materials. Nitrate ions inhibit the pitting and crevice
corrosion of stainless alloys. Furtherore, nitric acid passivates these alloys; therefore, lower pH values brought about by increases
in the nitric acid content of process fluid will not ause higher corrosion rates for these alloys. The upset condition that was most
likely to occur is lowering of the pH of the vessel content by inadvertent addition of2 M nitric acid. Lowering ofpH tmy tanke a
cbloride-containing solution more likely to cause pitting of stainless alloys. Increasing the nitric acid content of the process fluid
adds none of the pitting-inhibiting nitrate ion to the process fluid. In addition, adding the nitric acid solution to the stream will
dilute the chloride content of the pracess fluid.

Conclusion:
The recommended materials will be able to withstand a plausible inadvertent addition of 2 M nitric acid for a limited period.
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Component(s) (NameJID #) AcIddalkallne effluent vessels (PWD-VSL-0001 5,16)

Facility

In Black Cell?

PTF

Yes

Chemicals Unit 1  Contract Maximtn Non-Routine Notes
Lw.4h No bach Lnch, NO t _ _ _ _

Aluninum ...i 202EOi 1.15E+01
Chloride 9L 4.2E+00 4.74E+00
Fluoride st 4.75E+0O &32&00
Iron .4 7.14E+00 &4IE.00
Nitrate l 1.23E02 1.23E+02
Nitrite j) 2.20E+O1 245E+01
Phosphate sal l.E+01 1.78E+01
Sulfate aL 8,54E+O0 9.50E+00
Mefcury .SL 7.79E2M 7.84E-02
Carbonate JA 5.6&OEI 5.46+015
Undissolved solids w% 1.3% 1.4%
Other (NaMnO4, Pb,...) -_

otmer _

pH NDA Nt3

enparature +e 11.2

tat ofOrganic Species:

References
a Mrn D . 2450 9P7-3YD4M4V.OW1 R Wv I

-as mstant Do.nf 2489D-WT?4-4CC11T-005, fle.VA
t owm&lbwlntwu x rPWD01 neUFP7, F2 -I

ed Iml Repwfts

Nots
.C nMvnftw IM Vtan 1xW'le 0 tned M m od Wt. ;& Nmt p btow slgnirf astis mux.

T iw oapwbn D Ft I00 F 245WFFF4VW1>0w031. Re 0)
pH 14 butceudltc* 2M nrd wk4pH-O43) rnUFCbIIZa nwobrftublt.
A9MN*CHOnWdded t Nb.-

Assumnptions:

rWD-VSL-00015 & PWD-VSL-0001 : Sheet:6 of 8



24590-PF-NID-PWD-P0003
Rev. 3

PLANT ITEM MATERIAL SELECT1ON DATA SHEET

24590-WTP-RPT-PR-04-000, Rev. B
WTF Process Corrosion Data

4.9.9 Acidic/Alkaline Effluent Vessel (PWD-VSL-00015)

Routine Operations

The vessel is sized to accommodate one wash/cleaning cycle from ultrafiltration with allowances for the
other small streams that are received along with enough space to neutralize material.

During normal operations, vessel PWD-VSL-000 15 receives acidic/alkaline effluent from the following
sources:

" Alkaline cleaning effluent via breakpot PWD-BRKYT-000 15 from ultrafiltration feed vessels (UFP-
VSL-00002A/B)

" Caustic rinse from cesium ion exchange columns (CXP-IXC-00001, CXP-IXC-00002, CXP-IXC-
00003, and CXP-IXC-00004)

" Process condensate from cesium nitric acid recovery (CNP-HX-00002, 3, and 4)

* Nitric acid, dominemlized water, and sodium hydroxide drains from reagent bulge UFP-BULGE-
00001

Non-Routine Operations that Could Affect Corrosion/Erosion

During non-routine operations, vessel PWD-VSL-000tS receives acidic/alkaline effluent from the
following sources:

* Caustic rinse from cesium ion exchange via caustic rinse collection tank (CXP-VSL-00004)

" Acidic cleaning effluent via breakpot PWD-BRKPT-00015 from ultrafiltration feed vessels (UFP-
VSL-00002A/B)

" Caustic rinses from solids washing/leaching (UFP-VSL-00062A/B/C)
" During abnornal operations, vessel PWD-VSL-00 5 receives effluent from the following source:

" Overflow from PWD-VSL-0001 6
* An air in-bleed is provided to dilute hydrogen generated in vessel PWD-VSL-00015. the level and

temperature in vessel PWD-VSL-00015, as well as the temperature in the acidic/alkaline effluent
breakpot, are monitored in the main control room. Pulse jet mixers are used to provide a uniform
mixture during neutralization within vessel PWD-VSL-00015. An RFD supplies a representative
sample of the vessel contents, which will be analyzed for pH in the laboratory. Excess acidic effluent
is neutralized with 19 M sodium hydroxide supplied from a reagent header. Wash rings are used for
vessel and breakpot washing. A vessel-emptying ejector is used for n-routine transfers to the plant
wash vessel (PWD-VSL-00044).

" An RFD supplies a representative sample of the contents of vessel PWD-VSL-000I5 for analysis. If
the pH is confirmed to be 12 or above, RFDs transfer the high- active effluent from vessel PWD-VSL-
00015 to the waste feed evaporator feed vessels (FEP-VSL-000 I 7A or B) for recycle.

* Vessel PWD-VSL-00015 vents to the vessel vent caustic scrubber (PVP-SCB-00002) via the vessel
vent header, overflows to the acidic/alkaline effluent vessel (PWD-VSL-00016), and ultimately
overflows to vessel PWD-VSL-00033. Breakpot PWD-BRKPT-00015 vents to scrubber PVP-SCB-
00002 via the vessel vent header and overflows to vessel PWD-VSL-000 15.
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4.9.10 Acidic/Alkallne Effluent Vessel (PWD-VSL-00016)

Routine Operations

The vessel is sized to accommodate one wash/cleaning cycle from ultrafiltration with allowances fir the
other small streams that are received along with enough space to neutralize material.

During normal operations, vessel PWD-VSL-000 16 receives acidic/alkaline effluent from the following
sources:

* Alkaline Acidic cleaning effluent via breakpot PWD-BRKPT-00016 from ultrafiltration feed vessels
(UFP-VSL-00002A/B)

* Caustic leach solutions (UFP-VSL-00062A/B/C)

* Ultrafiltration solides wash (UFP;VSL-00062A/B/C)
* Nitric acid, demineralized water, and sodium hydroxide drains from reagent bulge UFP-BULGB-

00002

Non-Routine Operations that Could AfTect Corrosion/Erosion

* During non-routine operations, vesscl PWD-VSL-00016 receives acidic/alkaline effluent from the
following sources:

- Caustic rinse from cesium ion exchange via caustic rinse collection tank (CXP-VSL-00004)

- Caustic rinse from cesium ion exchange columns (CXP-X-00001/2/3/4).

- Process condensate from cesium nitric acid recovery (CNP-HX-00002, 3 and 4).

- Alkline cleaning effluent via breakpot PWD-BhRUPT-00016 from Ultrafiltration Feed Vessels
(UFP-VSL-00002A/B).

- Plant wash from PWD-VSL-00044.

- Overflow from PWD-VSL-00015

PWD-VSL-00015 & PWD-VSL-00016: Sheets of 8
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PWD-VSL-00033, (7FF)
Ultimate Overflow Vessel
* Design Tenperflzre (CF)(nmx/niin): 225/0
* Design Pressurep)g) (max/win): 15/N
* Location: out cell '
" PJM Discharge Velocity (*ps): 40
" Drive Cycle: 17% (t4O fbs)

ISSUED ki%
RPP.WTPPDO

1I10II11111111
Offspring items RiOBB7002

PWD-VSL-00131, PWD-VSL-0W)32
PWD-PJM-0003l-PWD-PJM-O0038,
PWD-RFD-00131, PWD-RFD-00132

Contents of this document are Dangerous Waste Permit affecting

Operating conditions are as stated on attached Process Corrosion Data Sheet

Operating Modes Considered:
* Normal opeting conditions which can range rom acidic to alkaline
* Alkaline conditions at elevated teqperature
* Acid conditions with elevated halides and temperatures, such as would occur if the tank contained a volume ofalkaline

waste and two or three vowumes of5 N nitric acid were added.

Materials Considered:
Material Relative Ateeptable Unacceptable

(UNS N. Cost Material Material
Carbon Steel 0.23 X
304L (S30403) 1.00 X
3161(S31603) 1.18 X
6% Mo (N08367IN08926) 7.64 X
Aloy22(306022) IIA X -
Ti-2 (50400) 10.1 _ X

Recommended Material: 316 (max 0.030% C; dual certified)

Recommended Corrosion Allowance:0.040 Inch (includes 0.024 inch corrosion
allowance and 0.016 Inch general erosion allowance;
localized protection required as discussed in section j)

Process & Operations Limitations:
* Develop iiisiingtflwshfg prmcedre fo, acid and water.
* Developse recovury pwocedue for nonimute vessel overlows.

Please note liht sowre. special innya and bypoduct natuiais, -s
defined in the Atnic Enry Act of 1954 (AEA).rephlted at the
U.S. Deputneit of Eergy (DOE) hecilities eiclusivelyby DOE
acting pasuant to It% AEA maulriy. DOE asoc, that pasuant to
the AEA it has sie and eclhdva respwiblity and authority to
regulate souc , special nuclear, and byproduct mutrals at DOE-
owned uclear facdities. bftunaion canained baden an
radionuclides isprovided forprocesa descrpta prnesa only.

W
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Corrosion Considerations:

PWD-VSL-00033 receives material from various sources including drains and flushes from waste feed and
transfer lines, drains in the CS/R5 cells and bulges, and plant wash from RLD-VSL.00008. During non-routine
operations, this vessel could receive overflow material from most systems within Pretreatment.

a General Corrosion
Under normal operation, the concentrations of most chemicals will be sufficiently low that 304L will be satisfactory.
Further, in this vessel, the temperatures normally will be sufficiently low that uniform corrosion will not be a concern, the
main exceptions being non-routine operations or from ultrafilter cleaning. The amount of fluoride is expected to be small
although ultrafilter washing with nitric acid might result in a high acidic fluoride concentration. Wilding and Paige (1976)
have shown that in 5% nitric acid with 1000 ppm fluorde at 290F, the corrosion rate of 304L can be as high as 5 mpy.

Hamner(198)listsatonosion rate for 304 (and 304L) in NaOH of less than 20 mpy (500 my) at 770F and over 20 mpy
at 122"F. He shows 316 (and 316L)has a rate of less than 2 mpy up to 122OF and 50% NaOH. Dillon (2000) and Sedriks
(1996) both state that the 300 series are acceptable in up to 50% NaOH at temperatures up to about 1220F or slightly above.
Divine's work with simulated-radwaste evaporators, six months at 14001, showed 304L was slightly more resistant to
corrosion (4.2 mpy) than was 316L (<0.6 mpy); Ni 200, pure nickel, was much less resistant (07 mpy) probably due to the
complexants. Zapp notes that the Savannah River evaporator vessels, operating at about 300"F, are made of 304L and have
suffered no failures in about 30 years; 304L heat transfer surfaces have failed however after about 10 years. Ohl & Cados,
in their review of the 242-A Evaporator, found in waste similar to that expected, the corrosion of 304L after about two years
of operation at 140"? was less than the accepted variability of the plate.

Davis (1987) states the corrosion rate for 304L in pure NaOl will be less than about 0.1l mpy up to about 2120 though
Sodriks (1996) states the data beyond about 122F arm low due to oxidizing agents. Danicson & Pitman (20U0), based on
short term studies, suggest a corrosion rate of about 0.5 mpy for 316L in simulated waste at boiling, >212P.

Conclusion:
If the temperature were to remain in the stated operating conditions and the environment were alkaline, 304L would be
marginally satisfactory with 316L better.

b Pitting Corrosion
Chloride is known to cause pitting in acid and neutral solutions. Dillon (2000) is of the opinion that in alkaline solutions,
pH'2, chlorides are likely to promote pitting only in tight crevices. Dillon and Koch (1995) are of the opinion that fluoride
will have littI effect. Jenkins (1998) has stated that localized corrosion can occur under the deposits on tube, probably due
tothe chlorides. Further, Revic (2000) and hlig (1943) note tat nitrates inhibit chloride pitting. Wilding und Paige
(1976)note that nitric acid inhibits chloride attack though the data arc athigher temperatures and concentrations.

Conclusion:
Localized corrosion, such as pitting, is connon and would be a concern in waste with the expected maximurnm halide
levels. However, the presence of nitrate will mitigate their effects. Under normal conditions with agitation, 316L is
expected to be satisfactory.

c End Grain Corrosion
End grain corrosion only occurs in metal with exposed end grains am! in highly oxidizing acid conditions.

Conduzion:
Not applicable to this system.

d SWren Corrosion Cracking
The exact amount of chloride required to cause stress corrosion cracking is unknown. In part this is because the amount
varies with trnprtwe, mea! sensitization, and the environment. But it is also unknown because chloride tends to
concentrate under heat transfer conditions, by evaporation, and electrochemically during a corrosion process. Hence, even
as little as 10 ppm can lead to cracking under some conditions. Generally, as seen in Sedriks (1996) ad Davis (1987),
stress corrosion cracking does not usually occur below about 1400F. If the concentrations are as stated, stress corrosion
cracking will be minimized. Although caustic cracking is possible above 1400F, it is not expected under these conditions,
probably due to the presence of oxidizing species such as nitrate.

Condusion:
Because of the normal operating environment, 316L stainless steel is expected to be acceptable.

PWI-VSL-00033: Shcct:2 of 8
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* Cnvlce Corrosion
For the most pat, the pitting discussion covers this ar. Should acid cleaning be used, the presence of excessive heat tint
(darker than a light or straw yellow) cmuid lead to crevice corrosion.

Conclusion:
SeePitting

f Corrosion at Welds
Corrosion at welds is not considered a problem in the proposed environment.

Conchalon:
Weld corrsion is not considered a problem for this system

g Mirobloigleally Induced Corrosion (MIC)
The proposed operating semporatures aen suitable for microbial growth, but the location of te system in the process
suggests little chance of the introduction ofmicrobes. Further, the alternanon between acidic and alkaline conditions is not
conducive to their growth.

Conclusion:
MIC is not expected to be a problem.

b FatignreCorruslou Fatigue
Corrosion fadgue is not expected to be a problem in this vessel.

Conchsion,
Not considered to be a problcm.

i Vapor Phase Corrosion
The vpor phase portion of the vessel will be spattered with solution and pitting or crevice corrosion may he a concern.

Conclhsion:
Pitting is a possible concern but is covered by the pitting discussion.

j Erosion
Based on past experimens by Smith & Elmore (1992), the solids are soft and crosion is not expected to be a concern for the
vessel wall. Based on 24590-WTP-RPT-M-4-0a8, a general erosion allowanc of 0.016 inch is adequate for components
with maximun solids content up to 27.3 wt%. Additional 316L stainless steel should be provided as localized protection for
the applicable portions of the bottom head to accommodate PJM discharge velocities of up to 12 Ns with solids
concentrations of 26.7 wt% for a usage of 19 % operation as documented in 24590-WTP-MOC-5-00004. PWD-VSL-
00033 requires at least 0.083-inch additional pmtection. The 26.7 wt% is considered to be conservative and is based on the
WTP Prime Contract maximum. During normal operation, the solids content of PWD-VSL-00033 is expected to be well
below the anticipated maximum

The wear of the PJM nozzles can occur from flow for both the discharge and reflood cycles of opention. At least 0.053-
inch of additional 316L stainless steel should be provided on the inner surface of the PIM nozzle to accommodate wear due
to PJM discharge and suction velocities with solids concentrations of 26.7 wt% for usage of 19 % operation as documented
in 24590-WTP-MOC-50-00004.

Conclusion:
The recommended corrosion allowance provides sufficient protection for erosion of the vessel wall. Additional localized
protection for the bottom head will accommodate PJM discharge velocities and for the PJM nozzles will accommodate PJM
discharge and reilood velocities.

k Galling of Moving Surfaces
Not applicable.

Conclusion:
Not applicable.

I Fretting/Wear
Not expected to be applicable.

Conclusion:
Not a concern.

PWD-VSL-00033: Shcet-3 of 8 I
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PWD-VSL-00046 (PTF)
C3 Floor Drain Colection Vessel
* Design Teparanure ("FXnawxin): 22O
I Design Presue (sig) (rmx/nen): 6WVW
* Location: outell

R10681549

OU ddlJ dM
As Ouflbhl

Contents of this document are Dangerous Waste Permit affecting

Operating conditions are as stated on attached Process Corrosion Data Sheet

Options Considered:
* Normal operating conditions
* Assumption: water provided by BOF will be treated

Materials Considered:

Material Reve Acceptable U tacbeptable
(Us No.) Ct Matrial Material

Carbon Steel 0.23 X
304L(S30403) 1.00 X
316L(S31603) 1.18 X
6% Mo (N06367/N08926) 7.64 X
Alloy22(N06022) 11A X
T-n2(RS0400) 10. X

Recommended Material: 316 (max 0.030% C; dual cerdfied)

Recommended Corrosion Allowance: 0.040 inch (includes 0.024 inch corrosion
allowance and 0.004 inch erosion allowance)

Process & Operations Limitations:
* Devlop uinufihi g procedurefraid and we

Please rote that Source, special nclear and byproduct natrals, as
defined in the tonic Energy At of 1954 (AEA, art regulatd at t
US. Departent of Enegy (DOE) fiacilicsexclusively by DOE
acting pUrSUnwtto its AEA udhity. DOE assers, that Prsuatto
the ABA. it has sole and exclusive responaibility and auoityle to
regulate source, special nuclear, and bypoduct naterials at DOE
owned nuclear facilities. hnformation contained herein on
radionuclides is provided for proces description purposes only.

EXPIRES& 1207/07
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Corrosion Considerations:

PWD-VSL-00046 normally receives floor drains from all C3 areas in the FT facility generated from nortal
cleanup activties or small leaks as well as any material in the pit sump. During abnormal operations, the vessel
could receive sprinkler water discharge from the C3 area sprinkler system. Additionally, solids could be
introduced through the floor drains.

a General Corrosion
In normal operation, the vessel will esentially contain water. Based on Uhlig (1948), little uniform corrosion is expected at
these conditions. Te stated solutions are compatible with the 300 series stainless steel.

conclusion:
304L or 316L is expected to be sufficiently resistant to the waste solution with a probable general corrosion rate of less than
Impy.

b Pitting Corrasi
Normally the vessel is to operate between 50 and 77F at neutral pH. At this temperature and with the stated waste, 304L
has the potential of pitting. particularly if the liquid is stagnant. Because of the water sources, it is likely that the water will
contain dirt and other solids. Additionally, any sand tracked into the building will end up in the drain ta Consequently,
the likelihood of pitting will be higher. The time to initiate would depend on the concentration oftt residual chlorides, the
cleanliness, and the temperature. Depending on expected conditions, at least 304L and probably more pitting resistant alloys
will beneeded.

Conhceslon:
Localized corrsion, such as pitting, is connmon but can be mitigated, if caused by chlorides, by alloys with higher
molybdinum contents. Based on the expected operating conditions, and the possibility ofthe presence of solids, the more
pitting-resistant 316L is recommended.

c End Grain Corrosion
End ain conosion only occurs in netal with exposed end grains and in highly oxidizing acid conditions.

Conclusion:
Not applicable.

d Stress Corrosion Craddng
The exact amount of chloride required to cause stress corrosion cracking is unknown. In pat this is because the amount
varies with temperature, metal sensitization, and the environment. But it is also unknown because chloride lands to
concentrate under heat transfer conditions by evaporation, and eledrochemically during acorosin process. Hence, even
as ittes 10 ppm can lead to cracking under some conditions. Generally, ea am in Sednlks (1996) and Davis (1987),
chloride stres corrsion cracking does not usually occur below about 140F and 304L is expected to be satisfactory. A
better long-term choice would be 316L

Conclusion:
At the norini operating environment and due to anticipated abnormal conditions, the minium alloy recommended is a
316L stainless.

e Crevice Corrosion
At the proposed operating temperature, if deposits or other crevices re present, 304L is not acceptable. The applicability of
316L for this waste is accepted if no significant deposits are preset. In addition, see Pitting.

ConclusIon:
It is assumed that no deposits form and the no other crevices ae present. Therefore, 316L is acceptable.

f Corrosion at Welds
Corrosion at welds is not considered a problem in the proposed environment

Conclusion:
Weld corrosion is not considered aproblem for this system.

PWD-VSL-00046: ShectZ of 6
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g Milcroblologically Induced Corrosion (MIC)
The normal operating conditions are ideal for microbial growth if the system is infected. However, the most likely source of
infection is pvccess water so the use of treated water nukes infection unlikely.

Conclusion:
Not expected to be a concen.

h Fatigue/Corrosion Fatigue
Corrosion fatigue does not appear to be a concerm

Conclusions
Not expected to be a concern.

I Vapor Phase Corrosion
Vapor phase corrosion will be a finctioniJhe degree of agitation, solution chemistry, and tamperature. Nonetheless, it is not
deemed a problem in this tank

Conclusion:
Notlikelytobeaconcem.

J Erouin
Velocities are expected to be low. Brosin allowance of 0.004 inch for components with low solids content (<2 wt%) at
low velocities is based on 24390-WTP-EPT-M-04-008.

ConclusIon:
Not expected to be a concern.

k Galling of Moving Surfaces
Not applicable.

Conclusion:
Not applicable.

I Frettfg/Wear
No contacting surfaces expected.

Condusin:
Not applicable.

t Galvanic Cerrosion
No significantly dissimilar metals are present.

Concluson:
Not expected tobe a concem.

n Cavitation
None expected.

Condusion:
Not believed to be of concern.

eCeep
The temperatures are too low to be a coneMrn.

Conclusion:
Not applicable.

p Inadvertent Nitric Adid Addition
The upset condition that was most likely to occur is lowering of the pH of the vessel content by inadvertent addition of.S M
nitric acid. Nitric acid possivates these alloys therefore, lower pH values brought about by increases in the nitric acid content
of process fluid will not cause high corrosion rates for these alloys.

Conclusion:
The recommended materials will be able to withstand a plausible inadvertent addition of.5 M nitric acid.

PWD-VSL-00046: Sheet3 of 6
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PWD-BRKPT-00015 & PWD-BRKPT-00016 (PTF)
Addic/Aikaline Effluent Breakpots
" Design Temperature (PXmav/hin): 36R/40
SDesign Presure (pSig) (mtemal/exernul): IS/M
* Location: incell

ISED BY
S1111111111111111111IRI0672005

Contents of this document are Dangerous Waste Permit affecting

Operating conditions are as stated on attached Process Corrosion Data Sheet

Options Considered:
* Frkpt will mnmsir acidic wash.
* Breakpot will tanfer alkaline wash.

Materials Considered:

Material Relative Acceptable Unacceptame
(UNS No. Cot Material Material

Caibonsteel .23 x
304L(s30403) 1.00 X
3161.(S31W03) 1.18 X
6% Mo (NO367/W08926) 7.64 X
Alloy 22 (N06022 11.4 X
Ti-2 (R50dM)10.1 I x

Recommended Material: 304 (max 0.030% C; dual certified)

Recommended Corrosion Allowance: 0.040 Inch (includes 0.024 inch corrosion
allowance and 0.004 inch erosion allowance)

Process & Operations Limitations:
a Develop rinsing/flushing preedum for acid or water.

Please note that source, special nuclear and hyproduct wntcrials, as
dellaed in tIk Atomic Energy Act of 1954 (ARA), an regulated at
1he US. Deparument of Energy (DOE) facilities emiusively by DOE
adcing lpWsua to its AEA nsmlaity. DOE aserts, that pursuam to
the AEA, it ha soic und exclusive responsibility and authority to
tegulat source, special nuclear, and byproductmalcriala at DOE-
onednuclear Schda. nformknrCa, m/ned herd On
radiccuclidcsis prnvided for pmcas decription prtpo a only.

T/A
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Corrosion Considerations:

PWD-BRKPT-MO015 routinely receives alkaline cleaning effluent from UFP-VSL-00002AfB and non-routinely
may receive acidic cleaning effluent from UFP-VSL-00002A/B- PWD-BRKPYTO016 routinely receives acidic
cleaning effluent from UFP-VSL-00002A/Bl and non-routinely may receive alkaline cleaning effluent from
UFP-VSL.-OO2A/B or plant wash from PWD-VSL-00044.

a General Corrosion
Hamner's data (1981), 304 (and 304L) liis a conosion rate in NaOH of less than 20 mpy (500 tn/y) at 77F and over
20 mpy at 122F. He shows 316 (and 316L) has a rme of less than 2 mpy up to 122"F and 50%1 NaOH. Dillon (2000) and
Sedriks (1996) both state that the 300 series are acceptable in up to 30%NaOH at temperatures up to about 122"F or slightly
above. Divine's work (1986) with simulated-radwaste evaporators, six months at 14AF, showed 304. was slighhlymore
resistant to corrosion (<0:2 mpy) than was 36L (<0.6 mpy). Zapp (1998) notes that the Savannah River evaporator vessels,
operating at about 30DOF, are made of 304L and have suffered no failures in about 30 years; 304L heat uansu surihees have
failed however after about 10 years.

Because the solution is expected to be sq2M NO, 304L stainless steel is an excellent choice for the material of
construction. Corrosion rates ofs51 mpy are expected.

Concluson:
At the stated operating conditions, 304L is expected to be sufficiently resistant with a probable general corrosion rate ories
than J mpy.

b Pitting Corrosion
ne vessels are shown to have no chlorides or fluorides under nonnal operation. Under the stated no-halide conditions,
304L is expected to be satisfactory. It is assumed, however, that the fluids will not be stagnant nor will there be deposits.

Conclusion
At these temperatures and concentrntions, pitting is not anticipated and 304L is acceptable.

c End Grain Corroslou
End grain corrosion only occurs in metal with exposed end grains and in highly oxidizing acid conditions.

Cnchuion:
Not applicable to this system.

d Stress Corrosion Cracking
irthe vunc is halide fIree, 30. will be atifractory.

Condusion:
The use of 304L is expected to be acceptable for chloride free conditions.

e Crevice Corresdan
See Pitting.

Condlaion:
Soe Pitting

( Corrosiou at Welds
Corrosion at welds is not considered a problem in the proposed environment.

Conclusion:
Weld corrosion is not considered a problem for this system.

g Microbologically Induced Corrosion (MC)
The proposed operating temperatures are generally acceptable for MIC but the location of the system in the process suggests
little chance of the introduction of microbes.

Conclusion:
MIC is not expected to be a problem.

PWD-BRKPT-00015 & PWD-3RKPr-00026: Sheet2of7
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h Fatigue/Corrosion Fatigue
Corrosion fatigue is a not expected to be a problem

Conclusions
Not expected to be a concern

I Vapor Phase Corrosion
Not considered to be a concern.

Conclusion:
Not aproblem

j Erosion
Velocities are expected to be low. Erosion allowance of 0.004 inch for components with low solids content (<Z wt%) at
low velocities is based an 24590-WP-RPT-M-04-000.

Conclusion;
Not considered to be a concern.

k Caling of Moving Surfaces
Not applicable.

Conclusion:
Not applicable.

I Freting/Wear
No contacting surfaces expected.

Conclusion:
Not applicable.

n Galvanic Corrosion
No dissimilar metals are present

Conchusion:
Not applicable.

n Cavitation
None expected.

Conclusion:
Not believed to be of concern.

o Creep
The tempeatures are too low to be a concern.

Conclusion:
Not applicable.

p Inadverteet Nitric Acid Addition
Higher chloride contents and higher temperatures usuallyrequire higher alloy materials. Nitrate ions inhibit the pitting and
crevice corrosion of stainless alloys. Furthermore, nitric acid passivales these alloys; therefort, lower pH values brought
about by increases in the nitric acid content of'process fluid will not cause higher corrosion rates for these alloys. The upset
condition that was most likely to occur is lowering of the pH of the vesel content by inadvertent addition of 0.5 M nitric
acid. Lowering ofpH may make a chloride-conuaining solution more likely to cause pitting of stainless alloys. Increasing the
nitric acid content of the process fluid adds more of the pitting-inhibiting nitrate ion to the process fluid. In addition, adding
the nitric acid solution to the stream will dilute the chloride content of the process fluid.

COnusion;
The recommended materials will be able to withstand a plausible inadvertent addition of 0.5 M nitric acid for a limited
period.

PWD-BRKPT-000S5 & PWD-BRPT-DO016: Shec:3 of 7
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24590-WTP-RPT-PR-04-0001, Rev. B
WTP Process Corrosion Data

PROCESS CORROSION DATA SHEET

Component(s) (NameAD #) AddIdAlkellne effluent breakpot (PWD-BRKPT-00 1 5)

Facility

In Black Call?

PF

Y"s

PWD-BRJCPT-00015 & PWD-BRKPT-00016: Shct:5 of7
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PROCESS CORROSION DATA SHEET

Component(s) (NamenD #) Ackidcalkafine effluent breakpot _PW_BRKPT-DWI1)

Facility

In Black Cell?

PTF

Yvs

PWD-RKPT-OO15 & FWD-BRKPT-OO16: Sheet:6 of 7

Chemdcals UnIt Contract Maxbnwu Non-Routine Notes
Ltech No eac Leach No Leash

Alunitum _____ ________

Chloride _____ ____ _________

Iron ____ ___

Nitrate ____ ____

Poate - ____ ____

Memrc Jg.___________
Carbonate ____ ___ __________

Undissolned solis wtS ____ _______

tNatnO4,Pb...b AL___

H _ _ _
Temperattu hp ____ _________ Na e2

ist of Orgm*i Species:
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24590-WTP-RPT-PR-04-0001, Rev. B
WTP Process Corrosion Data

43.5 Acd WAMkshm Effluent Zrnkpt(PWDDREfl.OO15)
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RDP-VSL-00002A/BC (FTP)
Spent Resin Slurry Vessels
" Desip Tepeinbie P)X(nVW/mn). 138"0
* Desip Pese (pz) (ztxhnift):15FV
* Location: inielf
* PJM Discharge Velocity ($s): 40
* DriveCycle:17%(at40fps)

iSSUED N
wLPPWTP PDC

RIOS30

Associated Items
RDP-PJM..000l - RDP-PJM-0012

Contents of this document are Dangerous Waste Permit affecting

Operating conditions are as stated on attached Process Corrosion Data Sheets

Options Considered:
S Noam? operations include rceipt stomp aid trmafr of spent IX media
* Shiry received canimins sppvxlmtely 20 wcluw% solids (not considered nam l operating wNdition)
* Off-normal Crnditions include it receipt of fresh reSin overflow fom Stem CRP d the raceipt of Wn-eluted or off-spec Cs resin

to be retmted for firther ekution

Materials Considered:
Material Relative Acceptble Uaeeeptable

(UNS No.) Cst Material Metrial
C esftd el 0.23 .x
304L(s30403) 1.00 x
316L(s31603) 1.18 x
6%Mo(N01367/N0A926} 7.64 x
Allay 22 (NO6M2) 11.4 x
Ti-2 MR50400) W0. x

Recommended Material: 316 (max 0.030% C; dual certified)

Recommended Corrosion Allowance: 0.040 inch (includes 0.024 inch corrosion allowance
and 0.016 inch general erosion allowance; localized protection
will be provided as necessary as discussed in section j)

Process & Operations Limitations:
* Develop tlusbins/rmnsi4grOccdtie

Please note that source, special nuclar and byproduct tralm as
defined in the Atomic EuM Act of 1954 (ALA), re reulakd at the
U.S. Depertment of Etergy (DOE) facilities exclusively by DOE
acting prsuantto its AEA authority. DOE assets, that purtan! to
the AEA, it has sole aid exclusive responsibility ard authority to
regulate rSO, special Duler,and bypodtld erials at DOE-
owMed nucear facilities. Infrmation c=Maied herein on
odioneclides is provided for process description purposes only.

1 EXPRSt1nins i

2 j/o Issued for Permitting Use

I 1/24/ Issued for Permittinz Use DLA APR SWV
0 4/26/04 Iumed for Permittin Use DLA JRD APR

REV DATE REASONFORREVISION PREPARER CHECKER APPROVER
Sheet: I of6

'Dris b d decurnant embim a tDW ofti sheft.
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Corrosion Considerations:

RDP-VSL40002A//C collect and transfer spent resin. These vessels receive both transport liquid and spent resin slurry
streamn. Nonnally the vessels operate at I00'F with anuximum fluid temperature of I13*F.

a General Corrodsioaewr(19 )lis s on ate for 304 (and 304L) in 2 M HN0, of less dn 2nwy. Davis (1994)states the -nAion raze fr34L in
12% HN0, will be less an about I rpy up to about 212-F.

In this systcm, the conditions are such that304L stainless steel will be acceptable.

Conclusion:.
Under nomal conditions either 304L or 316L will be sutisctmy.

b Plaing Corresion
While chloride is known to cause pitting in acid and neorol solutions, with no chloride present in reportable concentrations, both 304L and
316Lstainlesnste sitar acceptable.

The use of304L or 316L is acceptable.

c End Grain Corrodes
End gain corrosion only occrs in retal with exposed end grains and in highly oxidizing acid conditions.

Not expected in this systm.

d Stren Corroesn CraddMg
The enctmmoumtofdimiderequired to caescres corrosion crackingisunknown. Inpartthisisbecusetheamounvarieswith
emperaure, Maal semitization, and the envianov t. But it i also unknown because chloride lands to concentrle under beat transfer

conditions, by evaporation, and ek chemically duringa corumion process. Hence,even as little asa few ppmcan lad toesracking under
s-e conditions. Generally, w seen in Sednks ( 9%) and Davis (19M7), chloride srets corrosion crcking does not usually ocar below
about 140PF. During the nornel operations, either304L or 316L is expected to be satisfhctory.

Condurin:
At the ,,nnal operating onirowut either 304L cc 316L is acceptable.

* Crevice Corroies
Commrnens under Piaing are generally applicable line. However, the one additional fchtor is the presence ofresin beads. These will learn
crevices it the wall could initiate crevice concaIO.

Cafusion:
The presence ofresin increases the probability ofInitiating crevice corrosion. Thenue pitingresistant316Lisrecmumnded

Corrsion at Weds
Corrosion mt welds isnote considered. preblem in the proposed eavironment

Conechooon:
Weld corrosion is not considered aproblem for this systen.

& Micrebioloaetily ldecdCarroi s.(IC)
MIC is not considered a problem in this systen.

ConcIIon:
Not a concern,

h FadgnCorndom Faligwe
Corrosion fitige is net peted tobe a concern. Tlhpresswesuconatued are so low and the strengh ofthe matial is so compartivdy
high th cor s onfatigue is not a problem.

CanCInons
Not a concern.

RDP-VSL-00002A/B/C: Sheet2 of6
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I Vapor Phase Corrosion
Not ecpected in this system.

Condawn:
Notconsidenedtobevaconcea.

j PtesN
Based on pan npiments by Smidt& Elmon (t9l2), the solids are soft and evosion is not expected to be a concern for the vessel wail.
Bond on 14590-WTr-Pt-M-0400 , a jmuA emsione allunoceof 0.016 inch is adequate flrcomptens with naxintsmsolids
onnsupto 27.3 %. Additional 316Lstainles steel sul1 be provided as localized proestion fr the applicable prtionsofthe bottom

head to acconmoda PJM diachrge velocities of up to 12 m/s with normal mmximm solids contmratins of 7.0 wt% and Maximma
solids concransiom of 53 wt% with a usge of 19% operation as documented in 24590-WTW-M0C-5000004. Vessels RDP-VSI,
oCO2AiRC quire at leAst 0.G-iOnb addititil protection. The 53 wt% is consided to be conservativ. The frhction of timn te solids
concinntion is expected to be at nuxirun is 10%. Dining nmomn opation, 90% ofthetin, the solids content of RDP-VSL,
0002A/Cis expected tobe 7.0 wt%.

The war of the PJhM nozzles can occur frm flow for both the dischar1e and reflood cycles of operation. At lea 0.038-inch of additional
316L sinless steel should be provided mt the iem snface of the ?JM noie to acconodare mmar due to PJM discharge and sction
velocities with annual solids conccntrations of7.0 wt% and a unaiumum solids concentrations of 53 wt% with a uaW of 19% operation asi
documnied in 24590-WTP-M0C-5'00004.

Cone on:
Therecomeinaded cornio allowance promvissufficient protection forerosion of the vessel wafl. Additional localized protection for the
bottom head will accannodate PJM dischage velocitiu ad for the PJM nozzles will accommodte PJM discharge and reflood velocities.

k GallIng of Meviag Surface
Not applicable.

Concusion:
Not applicable.

I -
No contacting suface expected.

Conduslwn:
Notapplicablc.

m Galvaule Corrasien
No dissimilar nietals are preset

Coaclusion:
Not applicable.

a Cavitatn
None expected.

Condusion:
Not believeid to be ofconcer.

* Creep
The toupersthm am too low to be a concen.

Condusion:
Not applicable.

p Inadverteot Nitrie ACId Addition
Vessels nornally operaiat low pH.

Condhu" : .
Not applicable.

RDPVSL.00002A/B/C: Sheet:3 of 6
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PROCESS CORROSION DATA SHEET

Componsat(s) (NmEWwD N)

Facility

in Black Cal?

Spent reain Wriy vessel (RDP-VSA0002 AIMC)
Spent rein dowatednn moisture secmrltion veasel (RDP-VSL-000041

Ye -PVSLS3CM2NBC onlI,2

RDP-VSL-00002A/D/C: Sheet: of 6

ChemIcals Unit' Contimt ?bxnuan Non-RoutIne (note 31 Notes
SLauh No__ _ _h toash No LeM

3Morks p_ __

hwddke p - -____sonon
Jtr ___ ___ 4.65E04 4.65E04
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Notes:
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4.10.1 Spent Resin Slurry Vessel (RDP-VSL-00002A/B/C)

Routine Operations

The spent resin slurry vessels (RDP-VSL-00002-A/B/C) are designed to collect and transfer a batch
of spent resin every week. The system is capable ofprocessing alternate batch types. After
commissioning, the time between spent resin batch transfers and the type of transfer will be
determined by operational experience. The spent resin slurry vessels (RDP-VSL-00002-A/B/C) are
12.0 ft in diameter and 19.8 ft in total height with a working volime of 7500 gal.

The spent resin slurry vessels (RDP-VSL-00002-AB/C) receive both liquid and slurry streams.

These vessels, with associated piping and controls, serve as both the source of transport liquid and the
receipt vessels for spent resin slurry'. Each vessel is designed to contain one full batch of ion
exchange resin plus the transport liquid associated with transferring the resin bed out of an IX
colum. The total working volume required for removing the spent resin from an IX column is 7500
gallons per vessel (6900 gallons of transport fluid aind 600 gallons of resin). During normal
operation, the vessels will contain approximately 8 % vol/vol solids. The solids content is greater
during the first few minutes of displacement when the incoming slurry line could be very high in
solids, but the high solids content is gradually diluted to 8 % vol/vol solids as the clear column
sequence is completed and the full batch of transport fluid is transferred. Nozzles will be included as
required for process feed streams, overflow lines, reagent addition, ventilation, and recycle return
lines.

Non-Routine Operations that Could Affect Corrosion/Erosion

None identified.

RDP-VSL-0002AJBIC: Sheet:6 of 6
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RLD-VSL-00017-A/B (PTF)
Alkaline Effluent Vessels
* Dcsip Temperature (FXn1/nin): 180/40
* Design Pre ni 5 )(rax/mih): IS/t
* Location: out cell

R10887003

SSUED O\
RPPWTP PDO

Contents of this document are Dangerous Waste Permit affecting

Operating conditions are as stated on attached Process Corrosion Data Sheet

Operating Modes Considered:
* Normal operating conditions

Materials Considered:

Material Relatv. Acceptable Uacceptable
(IINS N.) CSt Material Material

Carbon Steel 0.23 _ X
304L (S30403) 1.00 X _

316L (S31603) 1.18 X
6% Mo(N05367/N08926) 7.64 N x
Alloy 22 (N06022) 11.4 X
Ti-2 (R50400) 10.1 X

Recommended Material: 304 (max 0.030% C; dual certified)

Recommended Corrosion Allowance:

Process & Operations Limitations:
. Develop rinsing/flushing procedure for acid or wator.

Please note that soure, special nuclear and byprodud unterials, a.
defined in the Atomic Energy Act of 1954 (AEA), are regulated at the
U.S. Department of Ennrgy (DOE) facilities exclusively by DO.
actingpuwruant to its AEA uthority. DCE asserts, that pursuantto
the AEA, ithas sole and exclusive responsibility and authority to
regulate soue,. special nuclear, and byproduct niatrials at DOE-
owned nuclear facilities. Information contained herein on
radionuclides is provided fr process description purposes only.

0.08 inch (includes 0.024 inch corrosion
allowance and 0.004 inch erosion allowance)

This bound documeni contains a otal of 7 sheets.

2 /ssucd for Penritting Use 96Vt
I 1/25/05 Tssued for Permitting Use _LA JRD S W V
( 2/17/04 Issued for Permitting Use DLA SRD APR

REV DATE REASON FOR REVISION PREPARER CHECKER APPROVER
Sheet: Iof 7
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Corrosion Considerations:

These vessels will nortmally receive caustic effluent from LVP-VSL-000lJ, spent reagents from CRP-VSL-00001 and
potentially active niateial from PWD-VSL-00046.

a General CArmalaa ,
Hamner's data (1981) shows a corrosion rate for 304 (and 304L) in NaOH of ics; than 20 mpy (500 wriny) at 77"F and over 20 rpy at
122-F. 14esbon3l6(and3I6L) has mrofless twn 2 yupto 122Fand5%NkOH. Dilton(2000)andSedrils (1996)bothsate
that the 300 series alloys are acceptablc in up in 50% NaOH at temperatures up to about 122OF or slightly above. Divine's work (1986) with
sinaskled-radwaste evaporators, six months at 14rFF, showed 304L was slightly more resistant to conosion (<0.2 rpy) than was 316L
(<0.6 wy): Ni 200. pure nickel. was much less resistant (7 rpy) probably due to the conplezants. Zapp (1998) notes that he Savamah
River evaporator vessels, operatng at aboan 3 F, Are ade of 3041.and have suffired no filures in about 30 yews; 304L het tralnser
surfaces have filed however after about 10 years.

Davis (1994) states the coousion rate for 304L in pure NaOH will be less than about 0.1 mpy up to about 212*F thougb Sedriks (1996)
ties the data beyond about 122-F are incorrect. Danielson and Pitmin (2000), based on short tarm studies, suggest a corrosion rats of

about 0.5 ropy for 316L in sianulated waste at boiling, >212T'.

Ohl and Carlos (1994), in their review of the 242-A Evaporator, found in waste similar to that expected in LAW. te corrosion of 304L after
about two years of operation at 140*F was less th he accepted variability of the plate. Because of ncertainties in the starting thickness
of the metal, a review of the raw data was inconclusive.

Ulig (1948) has shown that pure nickel is resistant to corrosion by NaOll. llowevrr, as Divine (1986) pointed out. the presence of
complezing agents may reverse the trend. Apirwal (2000) states that the higher nickel alloys, such as C-22, are highly corrosion resistant
though specific mention of alkaline media is not made. The general literature mainly discusses cracking problen (see below) rather than
uniforinconrosion.

In these vessels, the hydroxide ouncVniation will be significantly lower as is the tenpirature; thus, the corrosion rates will be smaller.

At tenweratures less tn about 1400F, 304L or 3l6L are expected to be sufficiently resistant to the waste solution with a prolable general
corosion rate of less than I rmpy. Based on the Savanoah River experience with H4mford-likc waste at higher tcempnnus, 304L is
expected in he satisfactory to 180 F. Rinsing procedure should be developed to minimize effects of acid in the presence of fluord A
0.08 inch corrosion allowance is recommended to compensate for the possibility ofhigh fluoride cunentktis in ackd conditions,

b Pitting Corrosn
Chloride is known to causepittigin acid and neutral solutions. Dillon (2000) is of the opinion that in alkaline solutions, pl>12.chlorides
are likely to promote piting only in tight crevices. Dillon and Koch (1995) are of the opinion that fluoride will have little effect. Jenkins
(19") has stated that localized corrosion can occur under the deposits mt tubes, probably due to the chlorides. Furtler, Revie (2000) and
Uhlig(1948)uote that nitrates inhibitchloride pitiinp. Wilding and Paige (1976) note that nitric acid inhibits chloride attack though their
data =ne at higher teperatures id cai cenatnions

Condcusion:
Localized corrosion, such a pitting, in not expectmd to he . concern at the norrnal operating conditions. 304L is satisiactery.

c End Grain Corrosion
Lind grain corrosion only occurs in nmetal with exposed end grains and in highly oxidizing acid conditions.

Conclusion: Not applicable to this systen.

d Stress Crrsion Catking
The exact amount of cbloride required to cause tess corrosion cracking is unknown. In pant this is because the air mt varies with
tervcmttnr, metal sesitiration, and the environcnt But it is also unknowni because chloride tends to concentrate under heat ran ler
conditions, by evaporation, and electrochenically during a corrosion process. Hence, even as little As 10 ppm can lead to cracking under
some conditions. Generay, as seen in Sedniks (19%) and Davis (1957). stess corrosion catcking does not usually occur below about
t4*F. The "V grdes arn also more resistant to cracing than the higher carbon versions. If the concentrations arc A stated, stress
corrosion crocking will be minimized.

Condusion:
Because of the normal operatng envinnent 304L stainless steel is expected to be acceptable even to 180 F.

eCrevkeCorrosIon
For the most Pat, the pitting discussion covets this arc.

Conclusiom
Se: Pitting
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f Cornson at Welds
Contsion it welds is not considered a problem in the proposed environment

Concuf on:
Weld corrosion is not considered a probim for this system.

g Micrnbiologically Induced Corrosion (MIC)
The proposed oprting tenpeatures are slightly high for microbial growth. Addilionally the location of the system in the process suggem
little chance of the introduction of nticmos.

Conchalon:
MIC is not expected to be a problem.

b Fatigne/Corroson FatiPe
Cceosion fatigue is not expected to be a problem in this vessel.

Condiuions
Not considered to be a probim.

I Vapor Phase Corrosin
The vapor phase pontion of the vessel will be spattered with solution ad pitting or crevice corision may be a concems. A rinsing procedure
should be developed to minimize the ortmation of deposits.

Conclusion:
Provided deposi are not allowed to rerain, vapor phsc wnsiocis not a concern,

j Ernsdon
Velocities are expected tobe low. Erosion allowance of 0.004 inch for components with low solids content (<2 wt%)L tLow veiocities is
based on 2450.WTP-RPT-M-04-00S.

Conclusion:
Not expected to be a concern.

k Callig or Moving Surfaces
Not applicable.

Conclusion:
Not applicable.

I Freling/Wear
Not expected to be applicable.

Concution:
Not a concern.

- Cahanic Corrosion
For the environtmot and the proposed alloys, there is not believed to be a concert.

Cmelusion;
Not a concern.

a Cavhation
None expected.

Conclusion:
Not believed to be ofcunccm.

* Croup
The ternpatwts arm too low to be a concem.

Concluswon:
Not applicable.
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p Inadvertent Nitric Adld Addidon
Higher chlefide contents and higher temprawres usually require higher alloy materials. Nitrate itns inhibit the pitting and crevice conosion
of stainless alloys. Furfiuernore, nitric aid passivates these alloys; therefore, lor pH values brought about by increes in the nitric acid
content of prcss fluid will not cause higher conwion rates for these alloys. The upset condidon that was most likely to occur is lowering
of the pH ofthe vessl content by inadvertent addition of 0.5 M nitric acid. Lowering of pH my niake a chloride-containing solstion tIne
likely to cause pitting of stainless alloys, Increasing the nitric acid contcm of the process fluid adds rnon of the pitting-inhibiting nitrte ion
to The process fluid. In addition, adding the nitric acid solution to the stram will dilute the chloride content of the pnmxs fluld.

Conwpusionc
The recommended materials will be able to withstand a plmntible inadvertent addition of 0.3 M nitric acid for a limited period.
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4.11.2 Alkaline Effluent Vessel (RLD-VSL-00017 A/B)

Routine Operations

During normal operations, RLD-VSL-00017A will recivc the following feeds:

* Caustic effluent from caustic collection vessel LVP-VSL-00001

* Caustic effluent from a future caustic collection vessel
" Spent reagents from CRP-VSL-00001

* Potentially active material from the C3 drain vcssel PWD-VSL-00046

Non-Routine Operations that Could Affect Corrosion/Erosion

During non-routine operations, RLD-VSL-0001 7A/B will receive the following feeds:

* Process condensate area sump RLD-SUMP-00003
* PWD-VSL-00045 contents that do not meet BOF transfer criteria

* Overflow from reagent vessels (from floor berms of SHR-TK-00009, DIW-TK-0000l/SHR-TK-
00001, and NAR-TK-00007)

* Potentially active material from non-radioactive liquid effluent tank in BOF (NLD-TK-OO01)
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TCP-VSL-00001 (PTF)
Treated LAW Concentrate Storage Vessel
* DesignTemipusatwu( P)(nu*Pxhn):237/40
* Desigi Prenute (pi 8 ) (nas/nin): 15/4-
* Location: Incell
S PJM Discharge Velocity (fps) 40

* Drive Cycle: 17 % (at 40 fps)

RIDS0434
Offspring Items--

7C-PJM-000I -TCP-PJM-0000u

ISSJED bA
EWP*TP POG

Contents of this document are Dangerous Waste Permit affecting

Operating conditions are as stated on sheets 6 and 7

Operating Modes Considered:
* Nomal operatiz conditions

Materials Considered:
Material Reltve Acceptable tacePtame

am1NO. CAA Material Material
Carbon Steel 0.23 X
304L (30403) 1.00 X
316L (S31603) 1.18 X
6%Mo(N08367/N08926) 7.64 X -
Alloy22(N06022) 11A X
Ti-2(R540) 0.1 _ X

Recommended Material: 316 (max 0.030% C; dual certifled),

Recommended Corrosion Allowance: 0.040 Inch (Includes 0.024 Inch corrosion allowance and
0.016 Inch general erosion allowance; additional localized
protecdon is required as discussed in section J)

Process & Operations Limitations:
Devolop flushing/insingprocedure for aciiand water

Please note th source, special nuelear and byproduct nutrials, as
defned in the Atomic EmergyAct of 1954 (AEA), are reguisted at the
US. Deparvment ofEnergy(DOE) facilities exclusivelyby DOE
acting pursuant toits AEA sUthority. DOE aerts, that pursuani to
the AEA, it has sole and chjsive itsponsibility and authority to
regulate soure, special nuclear, and byproduct macrials at DOE-
Owned nuclw faciities. InfIrnution contained herein on
radionuclide is provided ftr process descripton prpoues only.

2 1,/ s I lssoed for Pnrmitting Use

(A

'This bounid docuni contains a total of 7shemts

i~~ U WW
I 1 /3/S lemuaed for Penitting Use LA APR MWH
0 9/25/03 Issued for Pennitting Use DLA JRD APR

REV DATE REASON FOR REVISION PREPARER CHECKER APPROVER
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Corrosion Considerations:

This vessel receives a continuous feed from the treated LAW evaporator separator vessel. LAW concentrate is
normally received at 122*F. Vessel is equipped with a steam injection system to maintain fluid temperature
above the freezing point (77 to 100F). TCP-VSL-00001 may also receive treated LAW from CXP-VSL-
00026A/B/C or treated solids from UIFP-VSL-00002A/B. This is expected to be an infrequent occurrence.

a General Corrosion
Based on Hamnees data (901), 304 (and 304L) has a corrosion rate of less than 20 mpy (500 pnVy) in NaOH at 77F and
over 20 mpy at 122*F. He shows 316 (and 316L) has a rate of less than 2 mpy in 50% NaOH at up to 1221F. Dillon (20C0)
and Sednks (1996) both state that the 300 series are acceptable in up to 50%NaOH at temperatures up to about 1220F.
Davis (1994) is more precise and states the corrosion rate for 304L in NaOH will be less than about 0.1 mpy Danielson &
Pians (2000), based on short term studies, suggest a corrosion rate of about 0.5 mpy for 3 I6L in simulated LAW. These
two references therefore corroborate Dillon and Sediks. In addition, DivIne(1992) showed that 304L corroded less than
316L in simulated complexant waste with fluorides and chlorides at 1400F. The corrosion rate of 304L after six months of
testing was less than 0.2 opy.

Ohl & Carlos (1994), in their review of the 242-A Evaporator, found that in waste similar to that expected in WTP, including
the presence of tadiation, the corrosion, of 304L aner about 2 years of operation was less than the accepted variability of
the plate. The NDE data are sufficiently uncertain to prevent defite conclusions from being drawn. However, a review
by Zapp (199)of the Savanmah River evaporators showed the 304L shell had not been replaced anerover 30 years of
operation despite failure of the 304L evaporator tubes (which operate at higher temperature than the shell).

Conclusion:
At stated temperatures, 304L and 316L are expected to be sufficiently resistant to the waste solution with a probable
general corrosion rate of less than I mpy.

b Pitting Corrosion
Chloride is well known for causing pitting in acid and neutral solutions. Dillon (2000) is of the opinion that in alkaline
solutions, pH>12, chlorides are likely to promote pitting only in tight crevices. It is his opinion that 304L would probably
be acceptable, but the use of316L and especially a 6% Mo alloy would provide a benefit because of their better resistance to
pitting by chlorides. Davis (1994) recommends the use of 316L over 304L Dillon and Koch (19 95) are of the opinion that
fluoride will have little effect. In addition, Divine's work (1992) showed no hint of pitting after six months at 140*F under
boiling heat transfer conditions. Revie (2000) notes that nitrate inhibits chloride corrosion. Thretfre, the high nitrate
concentrations in the waste are expected to be beneficial.

The apparent lack of pitting in the 242-A Evaporator suggests 304L is acceptable forthe vessel. Based on Divine's
work (1992). which was conducted in boiling waste at a bulk temperature of 140*F, 304L should be acceptable.

The vessel is equipped with wash rings capable of supplying water or acid. here is a possibility of neutral to acid
conditions with halides present. Therefore, 316L is better than 304L

Conclusion:
316L is recommended.

c End Grain Corrosin
End grain corrosion only occurs in metal with exposed end grains and in highly oxidizing acid conditions. This system is
alkaline except possibly during cleaning. The temperature during cleaning must not be above 1220F.

Condusion:
Not applicable to this system.

d Stress Corrosion Cracking
Several sources of cracking are present in this system: chloride and sodium hydroxide, both of which cause strss corrosion
cracking of stainless Bed.

The exact amount of chloride required to stress corrosion crack stainless steel is unknown. In part this is because the
amount varies with temperatme, metal sensitization, and the environment and also because chloride tends to concentrate
under heat tmansfer conditions, by evaporation, and electrochemically during a corrosion process. Hence, even as little as
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10 ppm can lead to cracking under some conditions. Generally, as seen in Sedriks (1996) and Davis (1987), stress
corrosion cracking does not usually occur below about 1400F. Further, the use ofUL" grade stainless reduces the
opportunity for sensitization. From the above references, it also observed that alkaline conditions reduce the probability of
the initiation of stress corosion cracking to essentially zero. However, should a pit or crevice, including a deposit, be
present under which the environment can become acid, then the alkaline environment will no longer have an effect.

Caustic cracking, accordingto Jones (9992), is not expected to occur below about 1400F for stainless steel. Zapp (1998)
suggests cracking in waste is not a concern below about 2800F.

Conclusion:
316L is recommended to offer greater protection against pitting and therefore reduce the likelihood of cracking.

e Crevice Corrosion
Essentially the same comments and conclusions obtained for pitting are valid here.

Conclusion:
Same as for pitting.

f Corrosion at Welds
Corrosion at welds is not considered a problem in the proposed environment.

Conclusion:
Corrosion at welds in the vessel is not a concern.

& MicrobIolgbcay Induced Corrosion (MIC)
MIC typically is not prevalent in high pH solutions. Borenstein (1988) states most microbes prefer a pH below 7 though
sone have been grown at above 9.5. Further, microbial growth is normally not a concern in tanks.

Conclusion:
MIC is not expected to be a concern in the vessels.

h Fatigue/Corroslon Fatigue
Corrosion fatigue does not appear to be a concern.

Conchuions:
Not a concem,

i Vapor Phase Corrosion
Because of the highly alkaline conditions, no fe HF or HO is expected to be present In the vapor phase and no
uniform/general corrosion is expected. A rinsing procedure should be developed to prevent formation ofdeposits. The
nitrate and hydroxide in the waste are also present in any deposits and should minimize pitting.

Condusion:
General corrosion will not be a concern. Use of316 is recommended as more pitting-resistant.

j Erosion
Based an past experiments by Snith & Elmore (1992), the solids are softand erosion is not expected to be a concern for the vessel w.
Based on24590-WP-PT-M-04-00 , a general erosion allowance of0.016 inch is adequate for conpoeens with maxinum solids
content up to 27.3 wt%. Additional 316L stainless steel should beprovided as localized protection for the applicable porions of the bottom
head to accommodatePJM discharge velocities of up to 12 n/t lh noi m inadnm solids concentrations of3A wt% and mxxum
solids concflrations of 20 wt% with a usage of 77% operation a documented in 24590-WWP-MOC-50-00W4. TCP-VSL-O0I requirm
at leass 0.164-inchadditional protection. The 20 wn% is considered 10 be conservative. The fraction of time the solids concenation is
expected to be at tnaxima is 10% Dining normal operation, 90 % ofthe time, the solids content of TCP-VSUI Is expected tobe
3.4 wt%.
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'le weff the PiM noste, can occur fm flow for both the discharg and reflood cycles ofoperation. Atlas0.113-inchofadditional
316L aisleis steel should be provided Wc ie inner surface of the PJM4 nozzle to accommodate wear due to PJM dischare and auction
velocities with normal solids coacennhass of 3.4 wr% sid a maxinum swds conccntratio of 20 w1% with a sage of 77% operation as
documented in 24590P-Wl-MC-30-0000.

cOnclusiom:
The reconended corrosion allowance providcs mffiienprotection for erosion of the vessel al. Additionallcaliod preaction for die
botom head will accommodle PJA dischare velocities and for the PJM nozzles will acconmodawe PJM discharp and reflood velocities.

k Galling of Moving Surfaces
There are no moving surfaces within the vessels.

Concluion:
Galling is of no concern in these vessels.

I Fretting/Wear
There we no contacting surfaces that am part of the vessel.

Conclusion:
Fretting and wear are not of concern.

re Galvanic Corrosion
The vessel contains no dissimilar metals.

Conclusion:
Galvanic corrosion is not a concern.

o Cavitation
None expected.

Conlusion:
Cavitation is not a concern.

o Creep
Creep is a high terperature phenomenon, occurring at greater than about 9326F.

Condlusion:
Creep is of negligible concern.

p Inadvertat Nitric Adid Addition
Higher chloride contents and higher temperatures usually require higher alloy materials. Nitrate ions inhibit the pitting sad
aevice corrosion ofstainless alloys. Furthermore, nitric acid passivates these alloys; therefore, tower p1 values brought
about by increases in the nitric acid content of process fluid will not came higher corrosion rates for these alloys. The upset
condition that was niust likely to occur is lowering of the pH of the vessel content by inadvertent addition of 0, M nitric
acid. Lowering of pH my make a chloride-containing solution more likely to cause pitting of stainless alloys. Increasing the
nitric acid content of the process fluid adds more of the pitting-inhibiting nitrate ion to The process fluid. In addition, adding
the nitric acid solution to the stream will dilute the chloride caon of the process fluid.

Conclusion:
The recommended materials will be able to withstand a plausible inadvertent addition of 0.5 M nitric acid for a limited
period.
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24390-WTP-RPT-PR44-o1, Rev.)
WTP Process Corrosion Data

4.12.1 Treated LAW Concentrate Storage Vessel (TCP-VSL-00001)

Routine Operations

The treated LAW concentrate storage vessel (TCP-VSL-00001) is designed to receive a continuous
feed from the treated LAW evaporator separator vessel (TLP-SEP-0000I). The treated LAW
concentrate is then transferred in batches to the LAW vitrification facility, as required for continuous
glass production. A batch transfer (-9300 gal) will be required each time one of the concentrate
receipt vessels (LCP-VSL-0000V2) in the LAW vitrification facility is empty. Capability is also
maintained to transfer to a future LAW vitrification facility, per WTP contract requirements (DOE
2000). The batch transfer frequency may fluctuate, as it is based on a design feed rate of LAW fluid
to the glass melters. The treated LAW concentrate storage vessel (TCP-VSL-00001) is designed to
provide 7 days of lag storage in the event that the PT facility is not able to provide concentrate feed.
The lag storage batch volume is based on the average treated LAW rate needed to support lAW
glass production of 80 t/day.

The normal influent temperature of the LAW concentrate is 122 *F. TCP-VSL-0000l is equipped
with a high-pressure steam injection system (109 psig and 343 IF from the Basis of Design, 24590-
WTP-DB-ENG-01-001) to maintain fluid temperature above the freezing point (77 to 100 -F),
depending on envelope being processed. This is approximately the point at which crystallization or
precipitation of solids occurs. Should solids form, or be transferred to TCP-VSL-00001, PJhs are
available to aid in the suspension of particles and homogenize the LAW concentrate for transfer.
Wash rings and a high-pressure steam ejector system are installed for cleaning or decontamination of
the vessel and internals. TCP-VSL-00001 vents to a scrubber, PVP-SCB-00002, via a collection
header.

The PJMs in TCP-VSL-00001 will be operated to suspend solids and maintain a homogeneous
mixture. They can be active as long as the liquid level in the vessel is above the PJM low-level
setpoint.

Non-Radne Operations that Could Affect Corrosion/Erosion

TCP-VSL-00001 may also receive treated LAW from the IX treated LAW collection vessels (CXP-
VSL-00026-A/B/C), bypassing the treated LAW evaporator system. Under infrequent operating
conditions, treated solids from the ultrafiltration feed vessels (Ufl-VSL-00002A/B) may also be
blended with the treated LAW concentrate in TCP-VSL-000l if the solids meet the specifications
for LAW vitrification.

This is not expected to occur very often and requires a jumper, not normally installed, on the provided
transfer line.

TCP-VSL-0001: Shect:7 of7
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TLP-VSL-00009A&B, (PTF)
LAW SBS Condensate Receipt Vessels
* Dcsigu Tempcrtvrt (F)(mnx/in): 192/40
* Design pressure (sig)axMin): 15/-8
* Inosboa:incell
* PJM Discharge Velocity (1ps): 40
* Drve Cycle: 25% (at 40 fps)

R10684974
Offspring items

lS$4J EW TLP-PJM-WO1 - TLP-PJM-000I6

APPWrPDc

Contents of this document are Dangerous Waste Permit affecting

Operating conditions are as stated on attached Process Corrosion Data Sheet

Operating Modes Considered:
* Normal operting conditions at the stated tamperture

Materials Considered:

Material Relative Acceptable Unseceptatle
(UNS NO. Coot Material Material

C.rbo Steel 0.23 X
304L(s30403) 1.00 X
316L (S31603) 1.18 X
6% Mo (NO3 67/N0926) 7,64 x
Alloy 22 (N06022) 11.4 X
Ti-2 (R50400) 10.1 x

Recommended Material: UNS N08367 or N08926

Recommended Corrosion Allowance: 0.040 inch (includes 0.024 inch corrosion
allowance and 0.016 inch general erosion allowance;
localized protection is required as discussed in section j)

Process & Operations Limitations:
a None

Please note that source, special muclar and byproduct niterials, as
defined in the Atomic Enjry Act of 1954 (AEA), are regulated at the
U.S. Departmvnt of Energy (DOE) facilities exclusively by DOE
acting pursuant to its AEA authority. DOE asserts, that pursanot to
the AEA, it has sole and exclusive responsibility and authority to
regulate source, special nuclear, and byproduct matetials at DOE-
owned nuclear facilitics. Infcrmtion contained herein on
radionuclides is provided for pncess description purposes only.
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Corrosion Considerations:

These vessels receive LAW SBS vitrification effluent and effluents recycles from pretreatment including streams from
RLD-VSL-00005, RLD-TK-00006A/B, RLD-VSL-00017A/B, and TCP-VSL-0000I. 5M NaOH is used to adust the pH as
needed. Vessels could also receive non-routinely pretreatment off-specification effluents. Wash rings are available.
Emptying ejectors, located external to the vessel, are available for emptying vessel heel.

a General Corrosion
The solution is neutral to slightly alkaline pH. According to Hamer (1981)and others, the uniform corrosion rate of304L ad bigher
alloys at the stated operating temperatures is small,<1 mpy.

Conclusion:
If the temperature remains in the stated operating conditions and the envnonment remains alkaline, 304L would be satisfactory.

b Pitting Cormsion
Chloride is known to cause piting in acid and neutral solutions. Dillon (2000) is of the opinion that in alkaline solutions, p1>12, chlorides
ar lkely to promote pitting only in tight crevices. Dillon and Koch (1995) are of the opinion that fluoride will have litte effect.

Based on the data of Phull (2000) and others, 10,00 ppm chloride at 190F and at nentral pH requires at least a 6% Mo alloy.

Concustion:
Localized corrosion, such as pitting, is coummon and would be a concern for the 300 series stainless steels with the expected halide levels.
Under these conditions, 6% Mo alloy or better is required.

e Ead Grain Corrosion
End grain corrosion only occurs in metal with exposed end grains and m bingly oxidizing acid conditions.

Concluston:
Not applicable to this system.

d Stress Corrosion Cracking
The exact amount of chloride required to cause stress corrosion cracking is unknown. In pan this is because the amount varies with
temperature, metal sensitization. and the envirumrent. But it is also unknown because chloride tends to conoentrate under heat trarser
conditions, by evaporation, and electrochemically during a corrosion process. Hence, even as little as 10 ppm can lead to cracking under
some conditions. At the stated halide concentration ard normal temperatures, a 6% Mo alloy is required.

Conclusion:
Because of the normal operating environment 316L stainless steel is not expected to be acceptable. A 6% Mo is reconmended.

* Crevice Corrosion
The pitting discussion covers this area.

Conclusion:
See Pitting

fCorrosion at Welds
Corrosion at welds is not considered a problem in the proposed environment.

Condmion:
Weld corosion is rot considered a problem for this system,

g Microbialogically Induced Corrosion (MIC)
The proposed operating temperakures = suitable for microbial growth but, additionally, the location of the system in the process suggests
little chance of the introduction of microbes unless miroduced by the plant wash system.

ConChuson:
MIC is not expected to be a problem

Is FatligudCorrosloa Fatigue
Corrosion fatigue is rnot expected to be a problem in this vessel.

Condusions
Not considered to be a problem.

TLP.VSL-00009A&B: Sheet:2 of 6
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I Vapor iPhase Corrosion
The vapor phase portion of the vessel will be spattered with solution and mynot be thoroughly rinsed and pitting or crevice corrosion my
be a coscern. A neor resistant 6% Mo alloy is recoonended.

Condusion:
See Pitting.

j Erosion
Based on past experiments by Smith & Elmore (1992), the solids are soft and erosion is not expected to be a coueat far the vessel wall.
Based on 24590-WW-RPF-M-04008, a general erosion allowance of 0.016 inch is adequate for components with naxinmum solids
content up to 27.3 wt%. Additional 6% Mo alloy should be provided as localized protection for the applicable portions of the bottom head
to acconmmodate PJM discharge velocities of up to 12 mis with solids concentrations of 3.4 wt% for a usage of 30 % operation as
docmenated in 24590-WTP-MOE-50-00003. The vessels require at least 0.056-.inch additional protection. The 3A wt% is considered uobe
conservative and is based or the WTP Primt Conlaxtm.inna During normnl operation, the solids content of the vessels is expected to
be well below the anticipated nnxinson.

The war of the PJM nozzles can occur from flow for both the discharge and reflood cycles of operation. At least 0.036 inch of additional
6% Mo alloy should be provided on the inner surfie of the PJM nozle to accommodate wear due to PJM discharge and stion velocities
with solids cocenfrations of 3A wt% for a usage of 30 % operation as documented in 24590-WTP-MOE-500003.

Condusion:
lhe reconmended corrosion allowance provides sufficient protection for erosion of the vessel wall. Additional localized protection ftr the
bottom head will accosrmnodate PJM discharge velocities and for the PJM nozzles will accommodate PJM discharge and reflood velocities.

k Galing of Moving Surraces
Not applicable.

Cdusion:
Not applicable.

I Fretting/Wear
Not expected to be applicable.

Condusion:
Not a concern.

mu Galvanic Corrosion
For the invironeint and the proposed alloys, this is not believed to be a concern.

Condusion:
Not aconerm.

a Cavitation
None expected.

Condusion:
Not believed to be of convet.

* Creep
The temperatures are tao low to be a conven.

Conclusion:
Notapplicable.

p Inadvertent Nitric Acid Addition
Higher chlonde contents and higher temperatures usually require higher alloy mienals. Nitrate ions inhibit the pitting and cervice corrosion
of stainless alloys. Furthernre, nitric acid passivates these alloys; therefoe, lower pH values brought about by increases in the nitric acid
content of process fluid will not cause higher corrosion rates for these alloys. The upset condition that was M likely to occur is lowering
of the pH of the vessel content by inadvertent addition of 0.5 M nitric acid. Lowering of pH my make a chloride-containing solution oine
likely to cause pitting of stainless alloys. Increasing the ntric acid content of the process fluid adds scae of the pitting-inhibiting nitrate ion
to the process fluid. In addition, adding the nitri acid solution tote sircam will dilute the chloride content ofihe process fluid.

Condurion:
The recomnmended materials will be able to withstand a plausible inadvertent addition of0.5 M nitric acid for a limited period.

TLP-VSL00009A&B: Sheet:3 of 6
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PROCESS CORROSION DATA SHEET

Componunt(s) (NunaD #) LAWSBS cendensate receipt vessel (TLP-VSL-00009AIB)

Facility

In Black Cell?

PF

Yes

TLP-VSL-00009A&B: Sheet:5 of 6
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24590-WTP-RPT-PR-04-001, Rev. B
WTP Process Corrosion Data

4.13.5 LAW SBS Condensate Receipt Vessel (TLP-VSL-00009 A/B)

Routine Operations

The two LAW SBS condensate receipt vessels (TLP-VSL-00009A/B), each with a batch volume of
80,000 gallons, receive LAW SBS vitrification effluent and effluents recycled from pretreatment.
These streams include the following:

* LAW SBS condensate from the vitrification SBS condensate vessel (RLD-VSL-00005)
* Off-specification effluent from the process condensate tanks (R)-TK-00006A/B)
" Off-specification effluent from the alkaline effluent vessels (RLD-VSL-000 I 7A/B)
* Treated LAW concentrate recycle from the treated LAW concentrate storage vessel (TCP-VSL-

00001)

LAW SBS condensate is transferred from the LAW vitrification facility to the PT facility through a
pipeline installed within an underground trench.

The receipt vessels will alternate duty. One vessel receives LAW SBS condensate, any recycles, and
adds 5 M caustic (NaOH) to adjust the pH as needed. A remote sampling point on the LAW SBS
evaporator feed line is used to sample for pH and determine necessary adjustments. The second
vessel will feed the evaporator system using the variable-speed LAW SBS condensate feed pumps
(TLP-PMP-005A/B), which are controlled by level indication in the separator vessel. The vessels
will switch duties as needed/available to keep a continuous feed flow to the evaporator.

Each vessel is equipped with PJMs that blend and maintain solids suspension in the waste.

Non-Routine Operations that Could Affect Corrosion/Erosion

Under infrequent conditions receives pretreatment off-specification effluents. The two receipt vessels
(TLP-VSL-00009A/B) will overflow to the ultimate overflow vessel (PWD-VSL-00033). For
purposes of decontamination, each vessel is equipped with wash rings.

TLP-VSL-0009A&B: Shect6 of 6
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TLP-SEP-00001 (PTF)
Treated LAW Evaporator Separator Vessel
* Design Temperature (F)(nmx/i). 175/49
* Design ptessm (psig) (internal/exteml): 50/14.7
* Location: incell I

IssuEsy
RPPWWPD

Contents of this document are Dangerous Waste Permit affecting

Operating conditions are as stated on attached Process Corrosion Data Sheet

Options Considered:
* Normal operating conditions
* The vessel will be cleaned using 2 N HNO3 with residual chlorides and fluorides at reduced tenpemtres

Materials Considered:
Material Relative Acceptable Unacceptable

(UNS No.) Cost Matnal Material
Carbon Steel 0.23 X
304L (S30403) 1 W x
316L(S31603) 1.1 x |
6% Mo (N08367N08926) 7.64 x
Alloy22(N06022) IA x
1.2 (R50400) 10.1 x

Recommended Material: 304 (max 0.030% C; dual certified)

Recommended Corrosion Allowance: 0.040 inch (includes 0.024 inch corrosion allowance
and 0.004 inch general erosion allowance)

Process & Operations Limitations:
* Develop rinsing/flushing procedure fmr acid and water

Please note that soor, special unclear and byproduct naterials, as
defined in the Atomic Energy Act of1954 (AEA), are egulated at
the U.S. Department of Eaer (DOE) facilitis exclusively by DOE
actingpursuanttoits AEA authoity. DOEasserts, thatpursugntto
the AEA, it bas sole and exclusive responsibility and authority to
regulate soiree, special nuclear, and bypnduct nfaterils at DOE-
owned ,wdarfaclities.Infornation contained berein on
radionclides is provided for process description purposes only.
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Corrosion Considerations:

a General Corrosion
The vessel has a normA operating tepertre of 122'F. According to ramer (198l1), 304 (and 304) ha a corrosion rate of less than 20 npy
(500 pary) at 77*F and over 20 opy in NaOH at 1226F. He shows 316 (and 316L) has arate ofless than 2 py up to 122F and 50%N20R.
These data ar qualified by Dillon (2000) and Sedriks (1996) who both state that the 30 sries are acceptable in up to 50% NaOH at
tempiesires up to about 1220F. Davis (1994) states the corrosion rate for 304L will be less than about 0.1 napy at these tempeatures. Based on
short terc studies, Danielson & Pitman (2000), suggest a corrosion rate of about 0.5 nipyfor 316Lin sinmlted waste S 1220F. Zapp
report (1999) notes the successful use of 304L as the shell ofthe Ssvannab River evapoators.

Uhlig (1948) has shown that pan nickel is core resistant to corrosion by NaOH then stainless steel. However, as Divine pointed out (1986), the
presence of complexing agents [pan of the total orgatic carbon (lOC) measured] may reverse the trend. Agrwal (2000) states that he higher
nickel alloys are highly corrosion resistant though specific mention of alkaline media is not made. Theirhigh nickel content is a positive fahu.
The general literature mainly discusses cracking problems (see below) rather than unifon, corrosion.

0b] & Cartos (1994), in their review of the 242-A Evaporator, found that after about 2 years of operation in we similar to LAW, the corrosion
of 304L was less than The accepted variability of the plate. Thus, the NDE data are sufficiently uncertain to prevent definite conclusions from
being drawn.

Wilding and Paige (1976) have shown that in 5% nitbic acid with 1000 ppmn fluoride at 29OWF, the corrosion rafe of 304L can be kept as low as
S npy by the use of Ar. Additionally, Sedriks (1996)has noted with 10% (.2N) niric acid and 3,000 ppm fluoride at 1580F, the corrosion
rait of 304L is over 4,000 rpy. Therefore, there is a concern about excessive corrosion rates during acid migning unless the fluoride is well
inhibited. The use of acid cleaning while operating at higher temperntuas would require the use of a 6% Mo alloy. Keeping the vessel as cool
as possible would reduce the extent of attack by chloride (pitting and crevice corrosion) and, with the addition ofrAl"m, general corrosion due to
fluoride. 304L will be suitable if properly protected by temrnatre and fluoride complexants such as Ar.

Conclusion:
At tempertures less than 140P, 304L or 316L are expected to be sufficiently resistant to the waste solution with a probable generul corrosion
rame of less than I mapy. The Savannah River work suggests they will be acceptable to higher empqrmtoes in waste.

b Pitting Corrosion
Chloride is notorious for causing pitting in acid and central solutions. Dillon (2000) is of the opinion that in uialine solutions, pH>l2, cbloridql
are likely to proritte pining only in tight crevices. Dillon and Koch (1995) is of the opinion that fluoride will have little effect.

Revi (2000)and Uhlig (1948) both note nitrate inhibits chloride corrosion. Therefore the high nitrate conctationin the LAWrar expected
to bebeneficial. The 18,000-20,000 ppm chloride concentration will mean residual chloride is present during acid cleaning.

The apparentlackofpittingin the 242-A Evaporatorsuggasts 304Lis acceptable at the design conditions-S 1400. Zapp(1998)eonfirmfe t
good behavior of 304L in the shell. The 304L shell ofthe evaporator at Savannah River has performed successlilly for appmtinately 30 yWa.

Conclusion:
Localized cornosion, such as pitting, is conmnon but probably can be mitigted by alloys with higher nickel and mlybdenumn contents even under
beat transfer conditions or where deposits cau, lent Based on Savannah River data, the vessel is expected tobe fiee of'significanteorrosion and
can be constructed of3041. Rinsing/flushing procedure will be developed to eliininate coern during acid cleaning,

c End Grain Corrosion
End grain cormsion only occurs in metal with exposed end grains and in highly oxidizing acid conditions.

Conclusion:
Not applicable to this system.

d Stress Corrosion Cracking
The exact amountof chloride required to stress corrsion crack stainless steel is unknown. In part this is because the aunt varies wit,
te ature, tal sensitization, and the eavironannt and because chloride tends to concentrate under bea transfer conditions, by evaporation,
and eletrochenicafly during a cormsion process. Hence, even as little s 10 ppm can lead to cracking under somr conditiss. Generally as
seen in Sedriks (1996) and Davis(1987), stress cwrosion eracking does not usually occur below about 1407F. Further, the use of"L grade
stainless reduces the opportunity for sensitization. From the above references, it is observed that alkaline conditions reduce the probability of the
initiation of shgss corrsion crackingto essentially ero. However, should a pitor aevice, including adepositbe present where the
environent com become acid, then the alkaline envirornment will no longer have an effect and stress consion can occur.

Caustic cracking tends not to occur below 140F (Sedriks 1996; Dillon 2000)) or below 212*7 (Zapp 1998) Because the mu mnnun operating
temperature is 122, all somuces suggest caustic cracking should be ratinimad. Zapplb data from the Savannah River Site evaporators is
auspicious for the use of 304L for the vessel.

Cond ion:
71e use of 3041, is expected to be acceptable for the vessel during operation. During rinsing and flushing, the temperature should be kept as
low as possible. A rinsing/flushing procedure is needed to define tsmperature/tinc liomits:
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o Crevice Corrosion
SeePitting.

Condusion:
See Pitting.

f Corrosion at Welds
Coerosion at welds is not considered a problem in the proposed envfronnn.

Conclusion.
Weld corrosion is not considered a problem for this systm

g Mlerobiologically Indued Camden (MC)
The prqseed openting conditions are too etremce for NBC with high temperatunts and pH. Additionally, MIC is not normally observed in
operting systens except for these exposed to process water.

Conclusion:
NCisnotconsideredaproblem.

lt FatlpdCoesiono Fatigue
Corrosion Stigue is a not expected tobe a concern.

Condusions
Not applicable.

I Vapor Phae ComraGSi
Due to flashing liquid, the amulee is expected to be continually spryd with liquid and be kept relatively clean.

Conldusion:
No vapor phase corrosion is expected.

j Erosion-
Velocities within the vessel are expected to be low. 5Eoion allowance of 0.004 inch for components with low solids content (<2 wt%)at low I
velocities is based on 24590rP-RT-M-04-000.

Condusion:
Not a concern.

kGallingofMovingSarfae,
Not applicable.

Conclusion:
Not applicable.

I FrettioW/Wear
No contacting surflces expected.

Coachioc:
Not applicable.

an Galvanic Corrosion
No dissimnilar metals are present

Conclusion:
Not applicale.

a Cavitaion
None expected.

Conclusion:
Not believed to be of cxacran.

o Creep
The temperatmes are too low to be a concern.

Conclusion:
Not applicable.
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p Inadvertent Nitric Add Addition
Higher chloride contents and higher temtrtUres usually requirehigher alloy nmntrials. Nitrate ions inhibit the pining and crevice conosion
of stainless alloys. Furthermore, nitric acid passivntes these alloys; therefore, lower pH values brought about by ineases in the nitric acid
content of process fluid will not cause higher corrosion mtes for these alloys. The upset condition that was most likely to occur is lowering of
thepH ofthe vessel contentbyinadvertentaddition of 0.5 Mnitric acid. Lowering of pH mynakea chloridec-ontaining solution nume
likely to cause pitting of stainlems alloys. increasing the nitric acid content of the process fluid adds "re of the pitting-inhibiting nitrate ion
to the process fluid. In addition, adding the nitric acid solution to the stream will dilute the chloride content of the process fluid.

Conclusion:
The recommended naterials will be able to withstand a plausible inadvertent addition of0.5 A nitric acid for a limited period.
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PROCESS CORROSION DATA SHEET

Component(s) (NameID #)

Facility

In Black Cell?

Waste feed evaporator separator (TLP-SEP0001)
Treated LAWevagorator reboiler (TLP-RBLR-OWO11

PTF

Yea (TLP-SEP-Owwl oy

TLP-SEP-00001: Sheet6 of 7

Chemicals Unit' Contract Maximum Non-Routine Notes
Leach No [ac Iced No LEach

Aluminum aSE*0t 3.M2E401 -

Chloride 9q 1.83E401 2.00E+01

Fluoride R 1.84E+01 2.0E+01

Iron 9r 19E+00 2.89E400
Nitrate 04 2.7E+2 2.ME402
Nitrite 94 &1iE+!L ueg.o_

P11sphate g 1 &1E+01 s.2E+1"l
Sulfate ON 15E+a 3A2E401
MercuN 8565.0 1 3.14E-02

Carbonate OR 1.27E+0 1.10E+02

Undissolved solids uX%
Other 911

PH WA NOW S
Temperature Nd, Nt2

List of Organic Species:
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4.13.3 Treated LAW Evaporator Separator Vessel (TLP-SEP-00001)

Routine Operations

When the recirculating liquor reaches the separator vessel, flash evaporation occurs due to reduced
pressure in the vessel. The liquid continues to flash, separating the vapor and liquid streams. The
liquid stream recirculates in this closed loop while the vapor stream enters the evaporator overheads.
The maximum designed boil-off rate for the TLP evaporator system will be 30 gpm of vapor
condensate.

The pressure in the separator vessel is maintained at about I psia by a controlled in-bleed of air to the
suction side of the primary vacuum ejector. This reduced pressure lowers the boiling point of the
liquor to about 122 *F. If the pressure in the separator vessel rises, the air in-bleed is reduced to allow
a higher rate of vapor to be withdrawn from the separator vessel, thereby reducing the pressure.

The overhead vapor produced in the separator vessel is superheated by about 24 *F due to the boiling
point elevation of the concentrate. The overhead vapor is passed through a set of demister pads for
de-entrainment purposes. The demister pads are sprayed with recycled condensate from the treated
LAW evaporator condensate vessel, or in the event that evaporator condensate is unavailable, the
process condensate tanks (RLD-TK-00006A/B). This spray ensures that the dernister pads are always
wetted completely to mitigate solids formation and plugging. This also diminishes solids formation on
the walls of the separator above the liquid level in the vessel.

The nature of the evaporator feed, coupled with the boiling action, creates the potential for foaming in
the separator vessel (TLP-SEP-00001). The separator vessel design includes an antifoam agent feed
line from the antifoam vessel. The need for, and magnitude of, the antifoam addition will be
determined by development and commissioning work. This addition is expected to be part ofnonnal
operations.

The treated LAW evaporator will concentrate the waste to between 8 and 10 M sodium or a maximum
specific gravity of approximately 1.44. Concentrate is removed continuously from the treated LAW
evaporator at the lowest point on the suction side of the recirculation pump using the variable-speed
evaporator concentrate pumps (TLP-PMP-000 IIA/B).

While in operation, the evaporator train provides sufficient vapor space dilution to prevent the build-up
of hydrogen.

For purposes of decontamination, the separator vessel is equipped with wash rings.

Non-Routine Operations that Could Affect Corrosion/Erosion

None identified.
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TLP-VSL,00002 (PTF)
Treated LAW Eva'porator Condensate Vessel
SDesign Tenperature CFXnaxin): 15049
SDea:gnPressure(psi:15
SIoctiont en

Ri0884975

issue By
RPpwoPPoG

Contents of this document are Dangerous Waste Permit affecting

Operating conditions are as stated on attached Process Corrosion Data Sheet

Options Considered:
* Normul qperating coindltions
* Acid cleaning at nomial tempenture

Materials Considered:

Material Relative AtApqAble UnacceptaA
(UNSNo.) Cost Material Mater

Carbon Steel 0.23 x
304L(S30403) 1.00 x
316L s31603) 1.18 x
6% Mo (N08367/N08926) 7.64 X
Alloy22(0406022) - .A X
Ti-2 (R504M- 10.1 x

Recommended Material: 304 (max 0.030% C; dual certified)

Recommended Corrosion Allowance: 0.040 inch (includes 0.024 inch corrosion allowance and
0.004 Inch erosion allowance)

Process & Operations Limitations:
. Develop rinsing/flushing procedure for acid and water

Pleasenotethat source, special nuclearand byproductnterials,as
defined in the Atomic Engy Act of 1954 (AEA), are regulated at
the U.S. Deparunent of Energy (DOE)facilities exclusively by DOE
actin pursuant to its AEA authority. DOE asMe, that puruant to
the ABA, it has sole and exclusive responsibility and authority to
regulate source, special miclear, and byproduct materials at DOE-
owned nuclear facilities. Inforntion contained erein on
radionuclides is provided for process deseciption purposes only.

I EXPIRE 12100-7.071

Tisbound docrnaconbin aatota d6ahces.

Issued for Pennilting Use
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Corrosion Considerations:

Vessel receives condensate from the condensers and denister vessel.

a General Corrosion
At the stated pH, temperature and halide concentraons, the corrosion rates will be small. Davis (1994) states the corrosion
rate for 304L in pure NaoH will be less than about I mpy up to the proposed operating temperatures.

Conclusion:
At the normal operating temperature, either 304L or 316L will be sufficiently resistant to the waste solution with a probable
general corrosion rate of less than I ropy. Based on the Savannah River experience with Hanford-like waste at higher
temperatures, 304L is expected to be satisfactory to 300 OF.

b Pitting Corrosion
Pitting should not be a concern for 304L or 316L at the stated low-chloride conditions and stated temperature.

Condusion
Under normal conditions, 304L is expected to be satisfactory.

c End Grain Corrosion
End gain corrosion only occurs in metal with exposed end grains and in highly oxidizing acid conditions.

Conclusion:
Not applicable to this system

d Stress Corrosion Cracking
The exact amount of chloride required to cause stress corrosion cracking is unknown. In part this is because the amount
varies with temperature, metal sensitization. and the environment But it is also unknown because chloride tends to
concentrate under heat transfer conditions, by evaporation, and electrochemically during a corrosion process. Hence, even
as little as 10 ppm can lead to cracking under some conditions. Generally, as seen in Sedriks (1996) and Davis (1987),
stress corrosion cracking does not usually occurbelow about 140 OF. However, Zap's work (1995) indicates that with the
high pH, cracking would be expected to occur only at temperatures well above the design temperature.

Conchusion:
With the stated normal operating conditions, 300 series stainless steels are expected to be acceptable.

e Crevice Corrosion
For the most part, the pitting discussion covers this area. It is assumed that the fluids will not be stagnant and no deposits
are anticipated.

Conchssin:
See Pitting

ICorresion at Welds
Corrosion at welds is not considered a problem in the proposed environmnt.

Concusion:
Weld corrosion is not considered a problem for this system,

g Microbiologically Induced Corrosion (MIC)
The proposed operating temperatures are acceptable for microbial growth but the location of the vessel in the process
suggests little chance of the introduction of microbes.

Conchsion:
MIC is not expected to be a problem.
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h Fatiguc/Corrosion Fatigue
Corrosion fatigue is not expected to be a problem in this vessel.

Conclusions:
Not considered to be a problem.

I Vapor Phase Corrosion
The vapor phase portion of the vessel will be spattered with solution and pitting or crevice corrosion rnay be a concern but
wash rings are available for rinsing.

Conclusion:
Not considered to be a problem

j Erosion
Velocities are expected to be low. Erosion allowance of 0.004 inch for components with low solids content (<2 wt%) at
low velocities is based on 24590-WT-RPT-M-04-0008.

Conclusion:
Not expected to be a concern

k Galling of Moving Surfaces
Not applicable.

Condusion:
Not applicable.

I Fretting/Wear
Not expected to be applicable.

Conclusion:
Not a concern.

m Galvanie Corrosion
For the environment and the proposed alloys, there is not believed to be a concem.

Condusion:
Not a concern.

U Cavitation
None expected.

Condusion:
Not believed to be of concern.

o Creep
'T1ctenmperatures are too low to be a concem.

Conclusion:
Not applicable.

p Inadvertent Nitric Add Addition
Higher chloride contents and higher temperatures usually require higher alloy materials. Nitrate ions inhibit the pitting and
crevice corrosion ofstainless alloys. Fwthermore, nitric acid passivates these alloys; themfore, lower pH values brought
about by increases in the nitric acid content of process fluid will not cause higher corrosion rates for these alloys. The upset
condition that was most likely to occur is lowering of the pH of the vessel content by inadvertent addition of 0.5 M nitric
acid. Lowering of pHt may make a chloride-containing solution mom likely to cause pitting of stainless alloys. Increasing
the nitric acid content of the process fluid adds nore of the pitting-inhibiting nitrate ion to the process fluid. In addition,
adding the nitric acid solution to the stream will dilute the chloride content of the process fluid.

Condusion:
The reconnended materials will be able to withstand a plausible inadvertent addition of 0.5 M nitric acid for a limited
period.
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PROCESS CORROSION DATA i

24590-WTP-RPT-PR-04-oO1, Rev. B
WTP Process Corrosion Data
MEET

Component(s) (NameSiD#I Treated LAWevaporator condensate vessel (rLP-VSL-0C002)

Chemicals Unit' Contract Maximum Non-Routfne Notes
Leech No eeas LCh. I No laec

Aluminum 9 .1402 3.502
Chlorlde 9 S 4.2r2 54E02
Fluoride . 9.2504 1203
Iron 0 S E. sos
Nitrate 5.75.01 7A401 -
Nitrite 94 4.1E02 52r,02
Phosphate 7A 7&02 0.9&02

1fate 2.7&02 3AE-02
Mercury 6 4.51-04

CarboOate R 1.3601 1.2541
ndssolved solids ons
oinr (NaMnO4. Pb,...) .J . _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _

othr ____

pH ________ NrA ______ _____ _____Not. S

Temperte ___ ____ _____ __________P Nt2

LUstofrganic Species

References
I:NA NPot Re3

arNcnnot Ir SI.., 8(~.. anb# too. othw nit ?WRO3, LFPOS

No: Vendor u-mittPl 2459e0-LOAMVO001-00,Re.Oqpdtsoraigemetr.

Nornml ra4Pig .

AssMtionSece-

No c edrsbitl250QPAMV-00-4002Rv0Cudtsoeaigtmeaue
N a s rtn e p rauei F
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4.13A Treated LAW Evaporator Condensate Vessel (TLP-VSL-00002)

Routine Operations

Condensate from the condensers and demister vessel all drain to a common condensate vessel, TLP-
VSL-00002. As the condensate vessel fills, the treated LAW evaporator condensate pump
recirculates condensate continuously back to the vessel with a portion recycled to the separator vessel
for spraying the dc-entrainment pads. When the condensate vessel is filled to its high level setpoint,
the condensate is directed to the clean condensate tank RLD-TK-00006A/B.

The condensate draining from the primary condenser is monitored for radioactivity. The radiation
monitor is located close to the condenser condensate outlet to allow a time lag before any
contaminated condensate can reach the condensate vessel. This minimizes the possibility that
contaminated condensate can be transferred to system RID. In the event that the radiation monitor
detects high activity, the evaporator is placed into reflux state and the condensate vessel is isolated so
that a sample may be retrieved. A manual sampling point is located on the discharge side of the
condensate pump. If the condensate is contaminated, it is redirected to the LAW SBS condensate
receipt vessels (TLP-VSL-00009A/B) via valving and an evaporator shutdown can be initiated if
necessary.

The vessel vent system draws air into the vapor space of the condensate vessel while removing gases.
Vacuum control air is withdrawn from the system PVP vessel vent header. The condensate vessel
overflows to PWD-VSL-00033.

Non-Routine Operations that Could Affect Corrosion/Erosion

None identified.
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TLP-RBLR-00001 (P )
Treated LAW Evaporator Rebofler
* Design Temperature (-F) (in.,hin)- Shell side: 275/49; Tube side: 175/49
* Desin Pressure (psig) (max/min): Shell side: 50/V; Tube side 50/FV
" Location: mcell

R10684976

Isamsg
RPP#JW PD

Contents of this document are Dangerous Waste Permit affecting

Operating conditions are as stated on attached Process Corrosion Data Sheet

Options Considered:
* pH betweei 12 and 14; halide oncenntions sinular to TlP-SEP-00001; operating temperature 122 T

Materials Considered:

Material Acetptable Material Unacceptable Material
(Ns No.)

Carbon Steel X
304L (S30403) X
316L (S31603) X
6% Mo (N08367/N08926) X
AlloyG-30(N06030 X

(heat exchange surfaces)
Alloy22(N06022) x
Ti-2 (R50400) X

Recommended Material: Shell: 304 (max 0.030% C; dual certified)
Tubes and related heated surfaces: N06030 (G-30 or equivalent)

Recommended Corrosion Allowance: Tube side: 0.04 inch (includes 0.024 Inch corrosion
allowance and 0.004 inch erosion allowance)
Shell side: 0.0 inch

Process & Operations Limitations:
. Develop flushing/rinsing procedure for acid or water

Please note that source, special nuclear and byproduct nateials, as
defined in the Aannic Energy Act of 1954 (AEA), are regulated at the
U.S. Deparment of Energy (DOE) facilities caclusively by DOE
acting pursua to its AEA authority. DOE assertsthst pursuant to
the AEA, it has sole and exclusive responsibility and authority to
regulate source, special nuclear, and byproductrntarials af DOE.
owned nuclear 6cilities. infornation contained herein on

39250

I EXPIRE&: 1200

radionuclides is provided for pmcass description purposes only. This bound doureant contains a total of 7 sherat.

j4 Issued for Pennittfing UseA
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Corrosion Considerations:

.General Cornaloan
Hasner's data (1981), 304 (and 304L) lists a corrosion rate in NaOH of less than 20 npy (500 pm/y) at WrFand ovr 20 mpy at l2"F. He
shows 316 (and 316L)has artne ofless than 2 nyup to l22*Fand 50% NaOH. Dillon (2000)and Sedris (1996) both suite that the 300
suits stainless steels art acceptab inup to 50% NAOH attm=penamt up to about I22F rslightly above. Divine's wok (1986) wiOh
sinulated4adwasie evaporators, six ruoiths at 14*F, showed 304L was slightly more resistant to corrosion (<0.2 rpy) that was 316L
(<D.6 npy); Ni 200, pure nickel, was much less resistant (7 mpy) probably due to the complexants.

Davis (1994) states the corrosion rate for 304L in pure N&OH will be less than about 0.1 mpy up to about 212T though Sedriks states the
data above 122F are incorrect Danielson & Pitmon (2000).based on short-term studies, suggest a corrosion rate of about 0.5 nspy for
316L in simutated waste at boiling.

Ohl & Carlos (1994) found, in theirreview of the 242-A Evaporator with waste sinnlar to that expected in LAW, the corosion of 304L was |
less than the accepted variability of the plate thickness after twoyears of operation at 14OP. Because of uncertainties of it starting wall
thicloness, a review of the raw data was inconclusive. 304L appears have corroded at an average rate of about 10 rpy though it my have
been higher or lower.

Uhlig (1948)has shown that purenickel is more resistant to coosion by NaOH than sminim steel. However, as Divine (1986) pointed
out, the peesuce of cotmplexing agents may rvusethe treed. Agarwil (2000)states that the highernickel afysuch as C-22 and G-30.
ar highly corrosion resistant though specific mention of alkaline mnedia is not made. The general literature mainly discusses cracking
problenms (see below) rather than uni form corrosion.

Zapp (1998)notes that the evsporator vessels g Savannah River Site are made of 304L and have suffered no failures m over 30 years of
operation. Savannah River uses G-3 and G-30 alloys for the evaporator ube.

The shell side, however, will see only steam and 304L is satisfactory.

Conchusou:
For the shell, it appears that 304L is acceptable.

b Pittling CameIon
Chloride is notorious for causing pitting m acid and neutral solutions. Dillon (2000) is of the opinion that in alkaline solutions, pH>12,
chlorides are likely to promote pitting only in tight crevices. Dillon and Koch (1995) areof the opinion that fluoride win have little effect. I
]nakias (1998)bas sledthattlocalized corrosion can occurinderthe deposits on tubes, probably due tothe chlorides.

Revie (2000) and Uhlig (1948) note that nitrate inhibits chloride corrosion. hefore, thehighnitrateconcetrations in the LAW are
expected to be beneficial.

The apparent lack of pitting in the 242-A Evaporator suggests 304L is acceptable at the design conditions. Zapp (1998) confirnf the
behavior of 304L in the shell. Use of austenitic alloys 'snot recommended for the tubes.

Based on tins performed by Divine (196), 304L would be satisfactory for the tubes. Howevar, if it is assumed the temperanrc an
approach low pressure steam tnperatures, than, based on Savannah River data, a higher alloy is reconenided for the tubes. Some of the
data described above suggest that a high chromium and perhaps molybdiun, content will be needed. G,30 alloy, based on the current
Savannah River expeuence, can be selected.

The higher nickel and mnolybdenum alloys are expected to be more pitting resistant than the sustnitic alloys. Because high puity nickel,
Ni 200, did notfare well in Divine's tests (1986) in the presence of conplexants, but the chromium content of the alloys may mitigate that
effect Jenkins (1998) reports that 03 and 030 evaporator tubes have bee, used successflilly at Savannah River Site frove 10 years andthey expect at leas 20 years service while 304L had failed after about 10 years. The shell ofthe evaporator has performed successfitlly for
approximately 30 years.

Condinion:
Localized corrosion, such as pitting, is common but probably can be mitigated by alloys with higher nickel and molybdenurn contets even
under heat transfer conditions or where deposits can font. Based on Savarmah River data, the shell is expected to be free of significant
corrosion and can be 304L

e End Gral Corision
End grain corrosion only otturs in m il with exposed end grains and in highly oxidizing acid conditions.

Conchdsiv:
Not applicable to this system.
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d Stross Corroston Crackng
Te exact amount of chloride requfred to stress corresion crack stainless stl is unko'n. in pa, thsis because the umonat vain with

l sasitinticn, and the evirnnment. But it is also unknown because chloride tends toconcentati under heat transfr
conditions, by evaporation, and electrochernically during a corrosion process. Hence, evea as little as 10 ppmi ca lead to cracking under
somr conditions. Generally, as scnt in Sedriks (1996) and Davis (1987), seas corrosion cracking does not usually ocurbelowabout
14F. FIrther, the use Of" grade stainless reduces the opportunity for sensitization. From the above references, it also observed that
alkaline conditions reduce the probability of the bintiation of alsas corrosion cracking to essentiallyzeo. However, should a pit or crevice,
including a deposit, be present where the environment can become acid, then the alkaline mrironmant will no longer have an effect and
stress corrosion can occur.

Caustic cracking tends to occur below 1401F (Sedriks 1996; Dillon, 2000) or below 212*F (Zapp 199). Because the nomal operatng
temperature is below 140*F, all sources suggest caustic cracking should be minimal. Zapp's data from the Savarrab River Site evaporatons
is auspicious for the s of 304L ftr the shell. lithe 140WP temperature is exceeded, such as on the evaporator tubes, higher alloys are
needed.

Consasion:
The use of 304Lis expected to be acceptable for the shell atthe stated operating lenperatue. The tubes should he aahinh alloy. auchas
G-30.

e Crel Corrosln-
See Pitting.

Cholaton:
See Pitting

fCrrosion at Welds
Weld corrosion is not considered a problem in the proposed envlnfennt

Conclusion:
Weld corrosion is not considered a problern for this system

g Microbileqgicay laduced Corroslas (1IC)
MIC is normnllyobserved at lower pH conditions and tempratures. Akthoughmicrobes can live at verylowpH, andprobablyhighpHas
well as at572'F and in radiation fieks, o repols of MIC in the proposed conditions have been reported.

Conclusion
MIC is not considered aprblem

h Fatigue'Corrsion Fatigue
Corosion fatigue is not considered a problem

Condcshs:f
Not a concem.

I Vapor Phas. Corrosion
The vapor phase portion ofthe tank will be continually washed with condensing vapors and periodically sprayed with wasb water via the
vessel wash rings while also being spattered with caustle.

Conclusion:
Based on ZTpp's work (1993), no vapor phase corrosion is anticipotd.-

j Erosion
Velocities within the reboiler are expected to be low. Erosicn allownce of0.004 inch for componants with low solids content (<2 wt%) at
low velocities is based on24590-Wtf-RT-M-04-00t.

coadudian:
Not a concern.

k Gaing of Moving Surfanes
Not applicable.

Condusion:
Not applicable.
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I Pretfln/Wwa
Not anbcipated to be a problim.

Canchsion:
Not expected to be a cowctn.

an Galvanic Corrosion
For the enyfonnt and the proposed alloys, nae expected.

Conebllm:
Not a concern.

a Cavitation
Not applicable.

CoIusikn:
Not applicable.

o Creep
Not a concem at the given tspiratus and at the given icisws.

Calusion:
Not applicable.

p luadverant Addition oNitrie Aid
Higher chloride contents and higher lonperanes usually require higher &Boy nuaerials. Nitraw ions inhibit the pining and crevice conrosin
of stainless alloys. Furthcnmre, nitric acid passivates these alloys; therefore, lowerpil values brought about by increases in the nitric acid
content of ptvcess fluid will not cause higher corrosion ras for these alloys. The upset crdition that was nost likely to occuris lowering
of the pH ofthe vessei controtby inadvertent addition of0.5 M nitric acid. Lowering ofpH nayinakeachloridecortaining solution more
likely to cause pitting ofstainless alloys. Increasinsthe nitric acid content ofth process fluid adds inreofthepitting-inhibitingnitrate in
to the process fluid. In addition, adding the nitric acid soludon to the stream will dilute the chloride conlint ofthe process fluid.

Condusaion:
Theommeded naterials will be able to withstand a plausible inadvenent addition ofO.5 M nitric acid fr a lintited period.
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PROCESS CORROSION DATA SHEET

Component(s) (NameflD #)

FriPFacility

In Black Cell?

Waste feed evaporator separator (rLP-SEP-00001)
Treated LAWevanoMtor rebogier (TLP-RBLR-00001)

Y1s (TLP-SEP&ol wrM

TLP-RBLR0001: Sheet6 of7

Chemicals Unit' Contract Maximum Non-Routine Notes
- ______________Lft h Nolefth No Loath

-luminum an 3.991+01 3.62E+1
Cloride OR m 1E+ 2.COE+01

Fluoride go 1.E+1 2.OE+01
Ron on Z 2.L__+__ 2E+_ _

N102% all 272E+2. 2ME+02
Nitrite ON .19E+01 *SSE+4_
Phosphate an 6.91 G.2mE01
Sulfate jj 3.1E+0M 3A2E01
mercury as 8WE-01 3.14E-02
arbonate 04 127E+02 1.1GE+2 -

Undissolved solids wu_
Other as
Other 98
PH NIA Ndw 3
Temperatum Ir __No2

Ust of Organic Species:

References
_ M-a ar24SW.PV4YDMP.0001. s C
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4,13.2 Treated LAW Evaporator Reboller (rLP-RBLR-00001)

Reutine Operations

Two streams are fed into the treated LAW evaporator at the suction side of the recirculation pump (TLP-
PMP.O0O01). First the treated LAW is transferd from one of the three treated LAW collection vessels
at a fixed flow rate. Second, the LAW SBS condensatchecycle stream is transfernd from one of the
LAW SBS vessels (TLP-VSL-00009A or B) using the variable-speed LAW SBS condensate feed pumps
(TLP-PMP-00005A/B).

The recirculation pump moves the liquor through the evaporator recirculation loop maintaining a high
flow rate through the evaporation system. First, the liquor is pumped through the treated LAW
evaporator reboiler (TLP-RBLR-00001). which raists the temperature of the liquor. Recirculating liquor
is urevented from boiling in the reboiler tubes by maintaining sufficient hydrostatic head to increase the
boiling point above the temperature of the liquor in the reboiler. Low-pressure steam, modulated via a
flow controller, will be used to heat the feed liquor to the selected system boil-off rate. Low-pressure
steam is available at 40 psig and 286 *F, frm the Baris of Design (24590-WTP-DB-EN-01 -001).

Non-Routine Operations that Could Affect Corrosion/ErosIon

High solids in evaporator.
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UFP-BRKPT-00001A/B (PTF)
Ultrafiltration Recycle Breakpot
* Design Temperature (0F)(max/rnin): 368/40
* DesignPressure(psig):15
* Location: incell

Contents of this document are Dangerous Waste Permit affecting

Operating conditions are as stated on sheets 5 and 6

Operating Modes Considered:
* The breakpot is normally empty and at ambient temperature, Steam temperztor. during transfers will be of short duration.
* Vessel way see acid during vessel washing or during inadvertent transfers.

Materials Considered:
Material Relative Acceptable Unacceptable

(UNS No.) Cost Material Material
Carbon Steel 023 X
304L (S30403).00

1 (S31603)lS
6%oN86/096 7.64 } X
Alo22(06022) 1. X
Ti-2 (R50400) 10.1 1 X

Recommended Material: 316 (max 0.030% C; dual certified)

Recommended Corrosion Allowance: 0.040 inch (includes 0.024 inch corrosion
allowance and 0.016 inch general allowance)

Process & Operations Limitations:
* Develop rinsingfflushing procedure for water and acid.

Please note that source, special nuclear and byproduct materials, as
defined in the Atomic Energy Act of 1954 (ABA), are Tegulated at
the U.S. Department of Energy (DOE) facilities exlusively by DOE
acting pursuantto its AEA authority. DOE asserts, that pursuant to
the AEA, it has sole and exclusive responsibility and authority to
regulate source, special nuclear, And byproduct materials at DOE.
owned nuclear facilities. hiformation contained herein on

EXPIRES: 120707

mdionuclides is provided for process descrption purposes only. This bound document contains a total of 6 sheets.

2 //' Issued for Permnittin Use
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Corrosion Considerations:

Breakpot will routinely transfer the ultrafiltration feed vessel heel prior to ultrafilter cleaning.

a General Corrosion
Haner (1 981) lists a corrosion rate for 304 (and 304L) in NaOH of less than 20 rpy (500 pm/y) at 77*F and over 20 ropy at 1220F. He
shows 316 (and 316L) has arate of less than 2 mpy up to 122'F and 50% NaOH. Dillon (2000) and Sednks (1996) both state that the 300
series are acceptable in up to 50% NaOH at temperatures up to about 122-F or slightly above. Divine's work (1986) with simulated-
radwaste evaporators, six months at 140F. showed 304L was slightly more resistant to corrosion (<0.2 rpy) than was 316L (<0.6 ropy);
Ni 200, pure nickel, was much less resistant (.7 mnpy) probably due tote conplexants. Zapp (1998) notes that the Savannah River
evaporator vessels, operating at about 3000F, are made of 304L and have suffered no failures in about 30 years; 304L heat nansfer surfaces
have failed however abr about 10 yer.

Davis (1994) states the corrosion rate for 304L in pure NaOH will be less than about 0.1 mnpy up to about 212-F though Sedriks (1996)
states the databeyond about 122"F are incorect. Danielson & Pitman (2000), based on short term studies, suggest a corrosion rate of about
0.5 spy for 316Lin sinaolated waste at boiling,>2120F.

Conclusion:
At trnperatures less than about 1400F, 304L is expected to be sufficientlyresistnt to the waste solution with a probable general corrosion
rate of less than I npy. Based on the Savannah River experience with Hanford-like waste at higher tenmperaturs, 304L is expected to be
satisfactory to 3007.

b Pitting Corrosion
Chloride is known to cause pitting in acid and neutral solutions. Dillon (2000) is of the opinion that in alkaline solutions, pl> 12; chlorides
ae likely to promote pitting only in tight crevices. Dillon and Kocb (1995) are both of the opinion that fluoridewill have little effect in an
alkaline media. Jenkins (1998) has stated that localized corrosion can occur under the deposits on heat transfer sur6fi'es, probably due to the
chlorides. Further, Revie (2000) and Uhlig (1948) note nitrate inhibits chloride pitting. Nonnally the vessel is to operate at 77F. At the
normal temperature, based on the work of Zapp (1989) and others, 304L stainless steel would be acceptable in the proposed alkaline
conditions. If acid washes are anticipated, cae should be taken to ndninize the presence of deposits. 316L will provide greater protection
againstpitting.

Contuswon:
Based on the expected operating conditions, 304L is expected to be satisfactory. However, due to the possible presence of acid and high
halide concentrations, 316L is reconmended.

t End Grain Corrosion
End grain corrosion only occurs in metal with exposed end grains and in highly oxidizing acid conditions.

Concluion:
Not likely in this system.

d Stress Corrosion Craeldng
The exact amount of chloride required to stress corrosion crack stainless steel is unknown. In part this is because the amount varies with
temperature, metal aersitiration, and the environment But it is also unknown because chloride tends to concenkate under heat Ulnsfer
conditions, by evaporation, and eleoctrochenically during a corrosion process, Hence, even as little as a few ppm can lead to cracking under
some conditions. Generally, as seen in Sedriks (1996) and Davis (1987), stress corrosion cracking does not usually occur below about
140'F. Further, the use of "L" grade stainless reduces the opportunity for sensitization. Further, the presence of nitrate is expected to
increase the limits slightly.

Conclusion:
For the normal operating conditions, the minimum alloy recommended is a 304L stainless steel.

e Crevice Corrosion
See Pitting

Conclusion:
See Pitting

f Corrosion at Welds
Corosion at welds is notconsidered a problem in the proposed enviromnent.

Cond usion:
Not expected to be aconcern.
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g Microbiologically Induced Corrosion (MIC)
The proposed operating conditions are not conducive to microbial growth - the temperature is approximately conect but the pH under
normal operating conditions is too alkaline. Further, the system is sufficiently far downstream of the main entry points of microbes that
infection is unlikely.

Concusion:
MIC is not considered a problem.

h Fatigue/Corrosion Fatigue
Corrosion fatigue is a not expected to be a problem.

Conclusions
Not expected to be a concern

I Vapor Phase Corrosion
'The vapor phase portion of the vessel is expected tobe contacted with particles of waste from splashing. A rinsing/flushing procedum will
need to be developed to minimize the formation of deposits.

Conclusion:
Vapor phase corrosion is not a concern.

I Erosion
Velocities within the vessel are expected to be mal. Based on 24590-WTP-RPT-M-04O008, a general erosion allowance of 0.016 inch is
adequate for components with solids content less than 27.3 wt%.,

Conclusion:
Not a concern.

k Galling of Moving Surfaces
Not applicable.

Conclusion:
Not applicable.

I Fretting/Wear
No opportunity for fretdig exists.

Concdorion:
Not considered a problem.

m Galvanic Corrosion
No dissimilar metals are present

Conclusion:
Not applicable.

a Cavitation
None expected.

Condusion:
Not believed to he of concern.

o Creep
The teperaturres are too low to be a concern.

Conclusion:
Not applicable.

p Inadvertent Nitric Acid Addition
Higher chloride contents and higher temperatures usually require higher alloy materials. Nitrate ions inhibit the pitting and crevice corrosion
of stainless alloys. Furthernore, nitric acid passivates these alloys; therefore, lower pH values brought aboutby increases in the nitric acid
content of process fluid will not cause higher corrosion rates for these alloys. The upset condition that was most likely to occur is lowering
of the pH of the vessel content by inadvertent addition of0.5 M nitric acid. Lowering of pH may make a cbloride-containing solution morc
likely to cause pitting of stainless alloys. Increasing the nitric acid content of the process fluid adds more of the pitting-inhibiting nitrate ion
to the process Ruid. In addition, adding the nitric acid solution to the strearn will dilute the chloride content of the process fluid,

Concusion:
The recommndcd materials will be able to withstand a plausible inadvnern addition of 0.5 M nitric acid for a limited period.
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PROCESS CORROSION DATA SHEET

Compornent(s) (NametlD5)

Facility

In Black Cell?

Jtrafitraton rcycle breakpt fUFP-8RKPT-00001A/B)

PYP

Yes

UFP-BRKPT-00001A/B: Sheet:5 of 6

Chemicals Unit Contract Maximum Non-Routne (Note 3) Notes
tolith W Ninch I N1-sseI, I 1,10_h

Aluminum CA 3.61E+01 4.79E+01 2B1E+01 I 4.79E+01
Chloride 0A 1.20E+01 144E+01 1.20E+1 144E+01
Fluoride CA i43E+01 172E+ml 1,43E+01 1.72E.01
Iron CA 1.69E602 1,15E+02 19E+02 1.15E+02

mist JA 2.29E+fl2 2.63E+M 2flS+U2 2VE+02
Nitrite CA B.ABE+01 7.97E+01 .OEE-+n 787E+01
Phosphate JA 4.91E+01 5.3E+01 4.81E+flI &WE+01

Sufte GA 2.56+01 3.OIE+O 25E+O1 3.0EE+01
Mercury 1 1.I8E+00 675+m t.1E+00 1.67E+00
Carbonate A 5E+02 102 106E-+42 1.%E+02
Undissolved solids Wt% 25.00% 25.% 25.00% 25._%
Other (NaMnO4, Pb,...) . CA II
Other CA I

pH NA
Temperature F 1 140%2

List of Organic Species

References

MasBalrce DocweC-2451O.-WTP4CMiT.0s, ROVA
Nmrnratt V.lr t: UFP3-
1neI0 hn Rea #ML., o-ertwtem ohrvnss: NSA -

Pao: 2459D-PTF44rPPr1Revi -
PFD-24s9$rr-l5.v,7TPo 9,RmO

Ttzficl Repts:-

Notes:
1.C ndrtentmt enlx104A do no nedtdto repartedk lit vYaStovo ftlnltdidIsm

2.SBM lu3=d tr tnster. The brak*i snmamnny ndtYf anbrttemeemcot fthtre.
3.Seuc ncent tnmrungkuflrAterpluggi dricngramdenngpwdrton.
4. Ekpct I. ad sldetbn bererndnirlydon rfl orn Prca td.

Assumptions:
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4.14.1 Ultrafiltration Recycle Breakpot (UFP-BRKPT-00001 AIB)

Routine Operations

Emptying the ultrafiltration feed vessel heel prior to ultrafilter cleaning,

Non-Routine Operations that Could Affect Corrosion/Erosion

Emptying the ultrafltration feed vessel due to plugging of ultrafilters.
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UFP-PP-00001A/B, 2A/B, 3A/B (PTF)
Ultrafilter Pulsepots
* Design Tenperstm (OF): 200
* Design Pesse (psig) (nx/nin): 200/-15
* Iaatic: out cell

1111111fl1llilI
R10682506

IsamBy
W~P00

Contents of this document are Dangerous Waste Permit affecting

Operating conditions are as stated on attached Process Corrosion Data Sheet

Operating Modes Considered:
" The vessels are alwaysbaie,pH> 12, at the nomal opesting temperana
* Pulsepob, will backpule during cleaning cperatiots with 2M nitric acid and 2M caus.
. Priness candenae wig be swpplicd to Rluh nss betwecss.

Materials Considered:
Material Relative Arqtabe Unsaceptabie

(s NO.) CaS Matarlal MzlaI
C.bw SIeel 0.23 X
304L (S30403) 1.00 X

- 316L(531603) 1.18 X
6% Mo (N08367/N08926) 7.64 X
A~loy22(N06022) 11.4 X

1-2(SO%400) 10.1 X

Recommended Material: 304 (max 0.030% C; dual certified)

Recommended Corrosion Allowance: 0.040 inch (includes 0.024 inch corrosion
allowance and 0.016 inch erosion allowance)

Process & Operations Limitations:
a Develop rinsing/flushing proccdtne

Please note that soure, special nuclear and byproduct mtaerials, as
defied in the Atomin Energy Act of 1954 (AA). we regulated at
the U.S. Depuftment of ergy (DOE) filides exclusively by DOE
actingpiursant to its AEA authority. DOE asens, that pnntto
the EA, it has sole and exclusive respauiblity and aahority to
regulate sowuc, special nuclear, and byproduct mateeials at DOE.
owned nuclear facilities. Infmnati cantained herein m
radionuclides is provided for plocess description purposes only.
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Corrosion Considerations:

Pulse-pots ae used to perforrback-pulsing on the ultralilter tube units. Back-pulsing may involve adding cleaning
chemicals such as 21M HNOQ, 2 M NaOH or process condensate.

a Geser Courasion
Haner. (1981) li, a cmmTiO rate for 304 (and 304L) in NaOH of less it 20 rpy (500 pnny) at 77F and over 20 rpy at 1226F. He
show 316(ad 6L)bas sat. ofles n=2 npyup to l22Fnd 50%NaOH. Dillon (2000) ad Sedn (1996)both state ltth 300 I
uins stainl stels a re acceptable in up to 50% NaOH at tenperaures up to about 122F or slightly above. Divines work (1986) with
slted..dWate evapworados, six oint at 140T, showed 304L was slightly noir resistantto corosien (-4.2 ey) than was 316L
(<4.6 npy); Ni 200, pure nikcl, was much less resistant (-7 ery) probably due to the complexants. Zapp (1991) notes "i the Savinnh
pove evaporator vessels, operating at about 300T, a= rade of 304L and have suffered no failures in about 30 years: 304L beat tranier
surfaces have failed however after about 10 years.

Davis (1994) states the corrosion rate for 304L in pum NaOH sill be less than about 0.1 rpy up to about 212*F though Sedul (1996)
states the daa beyond about 1229F are incorrect Danielson & Pina (2000), based on short term studies, saggwst a corrosion rate of about
03 rpy for 316L in sirmlated waste at bOiiing, >212*F.

In this sysum, the hydruxide conccafrationa md tamperatutta are such Ohat 304L stainlss steel will be acceptable. It must be noted the
sant of fluoride is expected tibe eratively smll except forthe caont naina. Themut of l of fluoride when adis
added is uniown butis generally assumed t0be normally well diluted. Wilding and Paige (1976) have shown Vat in 5% niric acid widh
1000 ppm fluoride at 2901F, the corrosion rate of 304L cmn be kept as low s 5mpy by the use of At. Addlmarl 1y Sedrk (1996)h&s
noed wi 10% (n2N)nitic acid and 3,00C pm nfloride at 15$'F. the conosion Tate of 304L is over 4,000 ry. Theefore, tre is.
concern about excessive corrosion rates during acid cleaning. Keeping the vessel as cool as possible when acid is present would reduce the
extent of auck by chloride (pitting and cevice corrosion) and, with the presence of Al*, general corrosion due to fluoride. Properly
protected by tenperafstm and fluoride complexaM such as Al, 304L will be suitable.

Codrian:
304L is expected to be sufliciently resistant with a probable general corrosion rate of less an I nopy. A procedae will be necessary to
tinitize the presoice of fluorides during acid clening.

b Pittlag CorrDe.0
Chiorde is known to ntis. pittimg in cid and neutral solutions. Dillon (2000) of ahc opinion that n alkaline solutions, pH>12. chlorides
are likely to protmot pitting only in tight crevices. Dillon and Koch (1995) are both of the opinion that fluoride will have b0le effect ins.s
alkline edia. Jenkins (1998)has stated that localized corosion can occur under the deposits on heat tansfer surfaces, probably due to the
chirides. Nn wReuie (2000)iand Uhlig(194S)note nitrateinhibitschloridepining.

Nomuily the vessel is to operate between 77 and 1941F. At the normal enemrture, based on the work of Zapp (1998)and others, 304L
stainless steel would be acceptable in the proposed alkaline conditions. Under acidic conditions, 304L is still expected to be acceptable.

Concitrion:
Based on the expected operating conditions, 304L is expected to be satisfactory.

i End Grain Corrosion
End gain corrosion only occurs in metal with exposed end grains and in highly oxidizing acid conditions.

Conclusion:
Not believed likely in this system,

d Strnsa Corroesla Cracldag
The exact aniout of chloride required to cause stess corrosion cracking is wdeiown. In part this is because the niont varies with
temperature. ietal sensitization, and the envinrnment But itis also eulonowe because chloride tends to concentate under heat tranfer
conditions, by evaporation, mid cleckvocbenially Carinig a cmersion process, Hence, even as littlea - lppmat lead lomoakbug under
some conditions. Generally, s set in Sedriks (1996) and Davis (1987), stress corrosion cracking does not usually occur below about
140'F. With the stated tmperahare and alkaline conditions, 304Lis expected lobe satisfactory. Howeverifacidcleaningis tobeused and
the halde concentration cannot be controlled, 316 Lwill be the mirnmmnacceptable alloy and it nay be necessary lsea - resistant
alloy.

Condurton:
Because of the normal operating nivironent that wig include periodic acid cleaning, the iniin alloy reconmmended is a 304L stainless
steel.

* Crevice Corradon
See pitting.

Condusion:
See pitting.

UPP-PP-0000lA/B, 2A/B, 3A/B: Sheet:2 of 6
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f Corrosion at Welds
Corrosion at welds is not considered a problem in the proposed environment.

Condusion:
Weld corrosion is not considered a problem for this system.

g Mcrolologitally hlduied Corrodsi (MC)
The proposed operating conditions are not conducive to microbial growth - the temperature is approximfly corruct but the pH is cither too
alkeflne or too acid. Further, the system is suf ficiently C ., downskeam ofthe nai cntry paints otwjiorobas thwtinfetin Is mgliely.

Conduslow.
MIC is not considered a problems.

It FatigpeCorrnslom Fatigue
Cormsion fatigue is a not expected to be a problem.

Not a concern.

I Vapor Phase Cornardos
Not expected tobe a comu.

Conclusion:
Not a cocem.

Velocities within the vessel ae expected to be snall. Based on 24590-WrW-RFl-M-04-O00S, a general erosion aflkaice of 0.016 inch is
adequate for conmonents with solids conment less than 27.3 wt% at velocities less thin 4 mis.

Condustion:
Not believed to be a concern.

k Galing of Moving Surfaces
Not applicable.

Condusion:
Not applicable.

I Fretting/VWar
None expected.

Condusion:
Not considered a problem,

a Galvanke Corrmsic
No dissimilar netals are present

Condulon:
Not applicable.

a Cavitatic,
None expected.

Coneihlon:
Not believed to be of concern.

* Creep
'Te tenmares Mre too low to be a concen.

Conduusion:
Not applicable.

p Inadvertsat Nitric Add AddS..
Higher chloride contents and higher temperntures usually require higher alloy naterials. Nitrate ions inhibit the pitting and crevice corrosion
of stainless alloys. Furthermort, nitric acid pasivats Own alloys; therefore, lower pH values brought about by increases in the nitric acid
content oftprocess fluid will not cause higher corrosion rates for thee alloys. The upset condition th was most liely to occur is lowering
of tbe pH ofthe vessel content by inadvertent addition of2 M nitric acid. Lowering of pH may cake a chbbide.conbhdng so"tion come
likely to cause pitting of sainless alloys. Increasing the nitric acid cement orthe process fluid adds Iome of theipitting-inhibiting nitrate in
to the process fluid. In addition, adding the nitric acid solution to the stream will dilute the chloride content ofthe process fluid.

Conclusion:
The cconended materials will be able to withstand a plausible inadvertent addition of 2 M nitric acid.

UFP-PP-0000IA/B, 2A/B, 3A/B: Shect:3 of 6
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24590-WTP-RPT-PR-04-0001, Rev. B
WTP Process Corrosion Data

4.143 Ultrafiltration Feed Vessels (UFP-VSL-00002A/B), Ultra flhters (UFP-FILT-
00001,2,3 A/B), Ultrafiltration Pulse Pots (UFP-PP-OOOOIA/B, 2A/B, 3A/)

Routine Operatons

These two vessels receive the feed from the ultrafiltration feed preparation vessels (UFP-VSL-0000lA/B).
The feed is then concentrated to 20 % solids by being pumped and recirculated through an ultrafiltration
loop. The liquid fraction of the filtered feed is sent to the LAW vitrification fhcility. The feed containing
the 20 % solids is sampled to determine the appropriate treatment steps. Treatment of the solids may
include solids washing to remove excess sodium through dilution and ultrafiltration, and/or caustic
leaching by adding 19 M NaOH until the solution reaches 3 M, allowing a period of 8 hours for digestion,
during which the solution is heated to between 176 OF to 194 OF, and then cooled back to ambient
temperature (77 O) After cooling, the contents are reconcentrated to 20 % solids by ultrafiltration.
Ultrafiltration pulse-pots (UFP-PP-0O IA/B, UFP-PP-00002A/B, and UFP-PP-00003A/B) are used to
perform back-pulsing on the ultrafilter tube units. Back-pulsing may involve adding cleaning chemicals
(2 M HNO3,2 M NaOH, and process condensate).

Non-Routine Operations that Could Affect Corrosion/Eroslon

There is the option to transfer the Sr/ftU solids directly to the HLW blending vessel (HLP-VSL-00028),
ifnecessary.

UFP-PP000IA/B, 2AB, 3A/B: Shcet6 of6
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UFP-FILT-OO01A/B, 2A/B, 3AB (PTF)
Ultrafliter
* Design Temperature,( XmaxAin): 2059
* Design presre (psig) ( hi): 200t0
* Location:ouicell

Contents of this document are Dangerous Waste Permit affecting

Operating conditions are as stated on attached Process Corrosion Data Sheet

Operating Modes Considered:
* The vessel is slmays alkaline, within the stated limits, at the noral operating temperate.
* The vesse wll be cleaned using 2 M HNO, 2M caustic or pooss condeatte at normal operting temperatmes; the conition of high

temlpfelte and add is not eamined.

Materials Considered:
Materil Rel.tive Aceqtale Uaeceptahl
(UJ S Na.) Cost Mstedul Ma]lul

0C3bwStel 0.23 X
304L (S30403) 100X
316L(S3160) 1.18 X
6% Me (NOS367/N08926) 7.64 X
Allay22(N06022) 11.4 X
Ti-2 (RI ___ 10.1X

Recommended Material: 316 (max 0.030% C; dual certified)

Recommended Corrosion Allowance: 0.040 inch (includes 0.024 inch corrosion allowance
and 0.016 inch erosion allowance)

Process & Operations Limitations:
* Develop dinsing/flushing procedme for acid and ntta

Please note that source, special nuclear and byproduct mntnrals, as
defined in the Atomic Energy At of 1954 (AEA), a regulated at
the U.S. Department of Energy (DOE) facdities exclusively by DOE
actinspunuto its AEA authority. DOE asserts,t pursuant to
the AEA it has sole and exclusive respouibility and authonty to
regulate sovrce, special nuclear, and byproduct aterials at DOE-
owned nuclear faclhties. lnfornaoti contained heren an
radionuclides is provided for process descripbat pwpoSes only.
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Corrosion Considerations:

" General Corrosion
Hanmer (1981) lists a corrosion rate for 304 (and 304L) in NaOH of less than 20 mpy (500 pny) at 7*F and over 20 mpy at 122F.
He shows 316 (and 316L) has a late of less than 2 rpy up to I2rF and 50% NaOH. Dillon (2000) and Sediks (1996) both state
that the 300 series stainless steels are acceptable in up to 50% NaOH at temperatures up to about 122*F or slightly above.

Davis (1994)sates the corrosion rate for 304L in pure NaOH will be less than about 0.1 mpy up to about 212*F though Sedriks
states the data beyond about 122*F are incorrect. Danielson & Pitman (2000), based on short term studies, suggest a corrosion rate
of about 0.5 miry for 316L in simulated waste at boiling,>21201. In addition, Zapp (1998) reports that the Savannah River Site
evaporator shells have successfully operated for 30 years at temperatures of about 30007; 304L heat transfer tubes have survived
only about 10 years.

In this system, the normal hydroxide concentrations and temperatures are such that 304L stainless steel will be acceptable.

The proposed acid cleaning requires an examination of the conditions in the system during that period. Wilding and Paige (1976)
have shown that ir 5% nitric acid with 1000 ppi fluoride at 29o"F, the corrosion rate of 304L can be kept as low as 5 mpy by the
use of Al"* Additionally, Sedriks (1996) has noted with 10% (*2N) nitric acid and 3,000 ppm fluoride at 150F, the corrosion rate
of 304L is over 4,000 Mpy. herefore, there is a concern about excessive corrosion rates during acid cleaning especially in the pores
of the filters unless the free fluoride concentration is kept low - even small amounts of corrosion can change the filter characteristics.
Keeping the vessel as cool as possible, below 100F if possible would reduce the extent of attack by chloride (pitting and crevice
corrosion) and, and with the addition of Alt general corrosion due to fluoride. At the stated temperature and fluoride complants,
such as At'", 304L would be suitable, provided there is strict control of the acid cleaning conditions. 316L would provide a greater
margin of safety.

Cbnclusion:
At the expected temperatures, 304L is expected to be sufficiently resistant to the waste solution with a probable general corrosion
rate of less than I ripy. During acid cleaning, in the presence of fluoride, 316L is required as a ininimm

b Pitting Corrosion
Chloride is known to cause pitting in acid and neutral solutions. Dillon (2000) is of the opinion that in alkaline solutions, pH>12,
chlorides are likely to promote pitting only in tight crevices. Dillon and Koch (1995) are both of the opinion that fluoride will have
little effect in an alkaline media. Jenkins (1998) has stated that localized corrosion can occur under the deposits on heat transfer
surfaces, probably due to the chlorides. Further, Revie (2000) and Uhlig (1948) note that nitrates inhibit chloride pitting.

Normally the vessel is to operate between 77 and 860F. At the normal temperature, based on the work of Zapp (1998) and others,
304L stainless steel would be acceptable in the proposed alkaline conditions. There is uncertainty about the behavior of the sintered
junctions in the filters in strong caustic.

Under acidic or neutral pH conditions, a more pitting resistant alloy may be needed. Depending on the temperature, concentration of
the chloride, and the duration of exposure during acid cleaning it might be feasible to use 316L stainless steel. At a normal operating
temperature and only residual chlorides during nitric cleaning, 316L would be acceptable.

If the vessel were filled with process water and left stagnant, there would be a tendency to pit. The time to initiate would depend on
the source of the water, being shorter for filtered river water and longer for D1W. Pitting has been observed in both cases, and is
likely because residual chlorides are expected to remain.

Conclursion:
Localized corrosion, such as pitting, is common but can be mitigated by alloys with higher nickel and molybdenum contents Based
on the expected operating conditions and the intent to use acid washes inside the vessels 316L is the minimum acceptable. The
presence of crevices in the filter makes 316L the minimum acceptable material for the filters.

t End Grain, Corrosion
End grain corrosion only occurs in metal with exposed end grains and in highly oxidizng acid conditions.

Conclarion:
Not expected to be a concern.

UFP-FILT-00001 A/B, 2A/B. 3A/B: Sheet2 of7
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d Stress Corroslon Cracidag
The exact amount of chloride required to cause stress corrosion cracking is unknown. In part this is because the amount varies with
tenperature, mewd sensitization, and the environment. But it is also nlnown because chloride tends to concentrate under heat
transfer conditions, byevaporation, and electochemically dwing a corrosion process. Hence, even as little as faw ppm can lead to
cracidng under som conditions. Generally, as seen in Sedriks(1996) and Davis (1987), chloride stress corrosion cracking does not
usually occur below about 140"F. With the stated temperatmn and alkaline conditions, 304L is expected to be satisfactory.

Cowcmuion.
At ihe snrl operating mvironment, the alloy reco ended is a 304L or 316L stainless wit 316L flter tubes to prvide added
protection fromthe halides.

e Crevice Corrosion
See Pitting.

Conclusion:
See Pitting

f CorrosIon at Welds
Corrosion at welds is not considered a problem in the proposed environmnt.

Conclusion:
Weld corrosion is not considered a problem for this system except as noted above.

g Microbiologlcally Induced Conslon (MIC)
Tbe proposed operating conditions are not conducive to microbial growth.

Conclusion:
MIC is not considered a problm

h FatIgue/Corrosion Fatigue
The presence of multiple tubes, presumably welded at both ends, is a potential concem. Proper design, using heat exchanger industry
standards, will eliminate fatigue and corrosion fatigue concems.

Conclusions
Not a concern.

I Vapor Phase Corrosion
No significant vapor phase region is expected.

Concluson:
Vapor phase corrosion is not expected to be a concem.

J Erosion
Velocities within the vessel are expected to be low. Based on 24590-WTP-RPT-M-04-0008, a general erosion allowance of 0.016
inch is adequate for components with solids content ess than 27.3 wt%

Conclusion:
Not expected to be a concern.

k Galling of Moving Sufaces
Not applicable.

Conclusion:
Not applicable.

I FretthlagWear
No contacting surfaces expected.

Conclusion:
Not applicable.

UFP-FILT-0000l A/B, 2A/B, 3A/B: Sheet:3 of 7 I
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m Galvanic Corrosion
No dissimilar metals are present

Conchalon:
Not applicable.

a Cavitation
Noneexpected.

Conchnion:
Not believed to be of concern.

a Creep
The temperatures are too low to be a concern.

Conchluon:
Not applicable.

p InadvertestNitrie Add Addition
Higher chloride consents and higher temperatures usually require higher alloy materials. Nitrate ions inhibit the pitting and crevice
corrosion of stainless alloys. Furthermore, nitric acid passivates these alloys; therefore, lower pH values brought about by increases in
the nitric acid content of process fluid will not cause higher corrosion rates for these alloys. Tie upset condition that was most likely
to occur is lowering of the pH of the vessel content by inadvertent addition of2 M nitric acid. Lowering of pH my make 2 chloride-
containing solution more likely to cause pitting of stainless alloys. Increasing the nitric acid content of the process fluid adds more of
the pitting-inhibiting nitrate ion to the process fluid. In addition, adding the nitric acid solution to the stream will dilute the chloride
content of the process fluid.

Conclusion:
The recommended materials will be able to withstand a plausible inadvertent addition of 2 M nitric acid.

UP-FILT-00OlA/B, 2A/B,,3A/B: Sheet:4 of 7
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PROCESS CORROSION DATA SHEET

Component(s) (NaneilD #)

Facilty

In Black Cell?

Utratullon fed vessels (UFP-VSL-00002 A/B)
Ufrsfitr(UFP-FILT-0C0 ,2,3 AM). Ultmfiltration nulse Dot (UFP-PP-)OWOI3A/B

P- 2

ZYe. LqnvaL002A19 ooW

Ufraffter Heat Exchangerp (UFP-HX-00001A/B

Chmicals Unit' Contract Maxkmm Non utine Notes
Lech No Inch LCh No Loach

Ailurinurn aL 3.61E+01 4.79El1
Caide AI i.OE+01 1.44E+01

Fluoride # 1.43E+01 1.72E+01
Iron aI 169E02 1.16E+02
Nitrate in 229E+02 2.63E+02
Nie an 6.06E+01 7.7E+01
Phosphate 4J0E+01 &E.3&01

Itk an 2.50E+01 &O.E+01
Macur an 1.18E+00 1.67E00

arbonate gn 1.05E+02 1.06E02 -

Undissolved solds wv% 25% 26%
r P on 100E-02 Nob, 4

pHWNA Nou, 3
Tmper_ Fre * Not 2

List of Organic Species:

Ref erences
arssmosmeom24aeo.PTFr-t-Fp.awD Ray C

-- ss aieranoumrt24S9GPMe4C-V11-.0 Rt A
Irna*Swpls.,tm UFP04. tF17, UFP3, UJFP0?

ImNa.! src 6g. ovew fM Cnr v.flV 9.A
-6024ese.P-M64W.flD RJt 1

^W248apwna-v-VTpw0o byv I
fll R.9. MA

Notes:
I Coraqteanhrmfsslw, x1 iP4Vtntldtabe pod'tistvau itwodwvnrtrtdicS mar

* t ,nuImpeoin 77 'PFI 'P 24-0m.PITF404000Z ftsv n
-MA. tneames. wp an .teappnab 12a b14
M.NMO6 b saa trron bkale1*u Th. Cur ctunflah WKdnVt be sadd by at.kbdfl nch

C *WWW NY be wwrnd.W bfl Iuwa WaNN rt 0511 wItodasNt

Assupt-oios:
tsumsh Ra1M04 edien s 1.1 MSl. ver mote SOfr.

Correction to note 2: Normal operating temperature in the Ultrafilter is 7707 and the maximum operating temperature is
860F. Temperatures shown are specific to the Ultralfiter Feed Vessels (CCN 112293).

UFP-FILT-00001AIB, 2A/B, 3A/B; Shcct6 of 7
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WTP Process Corrosion Data

4.14.3 Ultrafiltration Feed Vessels (UFP-VSL-00002 A/B), Ultra Filters (UFP-FILT-
00001A/B, 2A/B, 3A/B), Ultrafiltration Pulse Pots (UFP-PP-00001A/B,2A/B, 2A/B)

Routine Operations

These two vessels receive the feed from the ultrafiltration feed preparation vessels (UFP-VSL-
OOOO1A/B). The feed is then concentrated to 20 % solids by being pumped and recirculated through an
ultrafiltration loop. The liquid fraction of the filtered feed is sent to the LAW vitrification facility. The
feed containing the 20 % solids is sampled to determine the appropriate treatment steps. Treatment of
the solids may include solids washing to remove excess sodium through dilution and ultrafiltration,
and/or caustic leaching by adding 19 M NaOH until the solution reaches 3 M, allowing a period of 8
hours for digestion, during which the solution is heated to between 176 *F to 194 OF, and then cooled
back to ambient temperature (77 0F). After cooling, the contents are reconcentrated to 20 % solids by
ultrafiltration. Ultrafiltration pulse-pots (UFP-PP-00001A/B, UFP-PP-00002A/B, and UFP-PP-
00003A/B) are used to perform back-pulsing on the ultrafilter tube units. Back-pulsing may involve
adding cleaning chemicals (2 M HNO3,2 M NaOH, and process condensate).

Non-Routine Operations that Could Affect Corrosion/Erosion

There is the option to transfer the Sr/TRU solids directly to the HLW blending vessel (HLP-VSL-
00028), if necessary.

UFP-FLT-00001A/B,2A/B,3A/B: Sbett7 of 7 I
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UFP-VSL-00001A/B (PTF)
Ultrafiltration Feed Preparation Vessel
" Desip Temerhne (6)(naxhiin): 15W40
* Desin Pressure (Pi) (Mahnit) 15/-12
S Location: incell

pmDischargs Velocity (as): 40
* DriveCycle: 17% (at40fps)

ISSUED BO
RPPLWTP PD,

Offspring items -
UFP-VSLA000IA -

UFP-PJM-00001-UPP-PJM00O4
UFP-PJM-00044. UFP-PIM.00053
Uwp-PJm-00105-UP-P3m140106

WFP-VSL4UUB-
UFP-PJM-40045- UFP-PJM-COCSO
UFP-PJM-00101 - UPP-PJM-00102

Contents of this document are Dangerous Waste Permit affecting

Operating conditions are as stated on attached Process Corrosion Data Sheet

No ointenance will be peuformed on these vessels.

Operating Modes Considered:
* Nomi opatin candi Was

T The venarl aybe cleaned aing 2 N H0, .ith residual chlorides and fluorides at in]ral operating Impaflnn; the coiditln of
high tepmamand acid is not cxndtcd.

Materials Considered:
MateSa Rdsave Aceptabe Usseuptaen.
(USN.) Cost Material Material

Carbon Steel 0.23 X
304L(s30403) 1.00 X
316L (131603) 1.18 X
6%Mo(N01367/N08926) 7.64 X
Alloy22(N06022) 11.4 X

l-2 (R50400) 10.1 x

Recommended Material: 316 (max 0.030% C, dual certified)
Steam Ejector: high temperature components of steam ejector located inside vessel sha

be UNS N06022

Recommended Corrosion Allowance: 0.040 Inch (includes 0.024 inch corrosion
allowance and 0.016 inch general erosion allowance;
localized protection is required as discussed In section )

Process & Operations Linitations:
* Develop flushinghiming prccdure for acid and water.

Plae uowthat mce,specialnuearand byproductnaria,as
defined in the Atomic Energ Act of 1954 (AEA),ar reulated at
the U.S. Departmit of EAerg (DOE)facilides adwivelyby DOE
acdngrpnm t toits AEA authority. DOE sats, utpuruan to
the ALA. it has solo and excluive sponability ad authoity to
repulate scaae, specia! ouclear, and bypboduct nustariaks at DOE-

awad nucl facilsties. Inanuation contained herein on
radimnuclides is provided for process descripdon pwposa only.

IEXPIRE& 127!
This boud dowuntcAkMsatoul of7 sheets.

~~I - I, / I __________ I___I__________

2 I/4/0 Issued for Pemitug Use IU&P, t
I 1/24/05 Issued for Permitt Use uffLjA JED SWV
0 10/19/03 Issued for Petuittat Use DLA JRD WV

REV DATE REASON FOR REVISION PREPARER CIECKER
Sheet: I of7
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Corrosion Considerntions:

Waste is maintained at 779F by use of a chiller jacket For Envelope C waste only, contents are heated to a teaperauen of
122*F necessary for Sr/IMU precipitation. A steamn ejector is available to maintain the necessary reaction npernre.
Chemical reagent additions are 19M NaOH followed by 1.0 M Sr(NO,2 followed by IM NaMnO It is enticipatad
periodic acid cleaning will be necesiy.

a sGneral Corrademt
Harrear(19fl) lists aconoioutate fr304 (and304L) in NOHN of leathin 20 py(5W pnny)at 77VFand over20mpyat 122M. le
sawis 316(and36L) safleorlas s2 npyupto 122Fnd S0%NaOl. Dillca (2000) En Se&iks (996)bcthstas tattheO I
suits stainkeas steels a acceptable in up to 50% NaOH at temperatms up to about 122F or slightly above. Divints work (196) with
simuwed-radwase evaporraon, sof months at 140'F, showed 304L was slightly more resions to consilo (<0.2 nyy) than was 316L
(< mpy); Ni 200, pumesickeL, was ,mucb 3 resint(e7 'p) pobablydue to thecompleais. Zapp (199M notes that the SRmn
River evaposau vesses, operating stabo 100'F, are made of 304L and have suffemd. flora in about 30 yeas. The 304L heat
trusfkrsaxkes have baled, however, after abeut 10 years. Danielson & Piuma (2000), bsacd a shon taem Sloin, sugeas corrosion
mecof about0.5py for 36Lin ituwlted waste Srboifn,>2Il F. Davis (1994) statesthecorosion rate for304LinpuseNaOH wsllbe
lextst about I mpyup tabout 2rFthough Sedriks stats the corosion rate data beyond about 122 ae low due to thepresecceof
oxidizing specie.
Ohl & Carlos (1994) fud in their review of the 242-A Evaporator, in wate similar to that expected in WIP, a the conos of 304L
afer about two yours of operation at 140*F was less ta the accepted variabdit of theoriginal plate. Became otwicrtahtla in the
sootisg thiclmess of the metal, a review of the raw data was inconclusive.

Thees a concer about excessive, c ion ones during cid electing i the presence of the expected levels of fluoside. Acid wash should
only be pabrored at normal operating tempastul in order to reduce the exteut of at*ad by cbloride (piting and crevice corrosion) and
gmal corroiem due to0lur

Cacncrion:
At tmratstures lea dt about 1400F, 304L or 316L = expected to be sufficently reina to the waste solution with a probable gnseral
corrosion oae of ies than I mpy. Based an the savannah River experience with Naiford4de waste at higher ts a9hnes, either 304L r
316L is ezpoclod to be satisfictory to 30F.

b Plitag Corrosion
Chloride isktow to attic pitting in acid md netirul solutions. Dillon (2000)isot he opinion that in alkaline aolutiwspH>fZ chlorides
an likely to promote pitting only in tight crevices. Dillon and Koch (1995) are both of e opinion that fluoride will have little Oct in an
alkaline media

Normnily the veel istiopalbetwen 77F md 122*F. At the normal tbnpersture, based on the workofZapp (1998)and othe., 304L
stiilas steel would be acceptabc in the propmoed alkaline conditions. Undcr acidic or neutal pH condidlos, 316L ml be esm resistant
to pitaing due to the chloride cwnc0tadeln.

lIftbe vessel were filled with process water and left slagnnt, thee would be a tendency to pit The time to initia woult depend an the
source ofthe water, being shorter for filtered river "ter and longerfor D1W. Thasfore, cntrola at washig and rinsingm a quired.

ihe high tempnw reportions of tbehigh pressume xjam dector that s located within the vastshall be C-22.

Condmarl :
Localized corrosion, such aspitting, is common but cm be miWiVted by alloys with higher nickel and moybden cotoeis. Based an the
expected operating condutns and the posiblfity of soid waulia inside the vessels, 316L is recoumamded.

e End Grain Carrosn
End grain courosion only occurs in meal with exposed aid grains and in highly oxidizing acid conditions. Acid cleaning should be
perfirmed only at nrumi operating temperae.

Cendion:
Not applicable to this systen.

d Strns Crroslsa CracMag
The exact moue of chloride required to causestress corosion cracking is nknow. In put this is because the amount vanes with
tarqpertur, metal sensitiation, ad the viroament. It is also unIknow bas= chloride tends to concentraet nderheatkaoufer
condiats, by evaporation, ad electochaically duringacorrosionprocess. Hence,ova as litDeas 0ppmcat leadtomackigunder
sme conditions. Koch (1995)has noted ots fluoride exacerbates chloride intergraglar stess corrosion cracking, Gracrally, as sen in
Sedrib (1996)ad Davis (197), su corrosion mcrking doesriot ualy corer belowabout 140F. With the low operating tempnrsture
and alkaline condiiAs, 304L and 316L arc expected to be aitoy in regars to resistance to chloide cracking Davis (1987) saggne
caustic crcking is aconcen aboveabout2127F. However, Zpp's work (1991) Impliesthatneither 304Ln3t6Lwill aac in waste.

Casclksrn:
Because of the normal operating environment as well as that which ca occur during off norms caididons, and possibility of acid washing,
304L is the mininum alloy recommended and 316L my be mjrsinally better.

UFP-VSL-00001A/B: Sheet:2 of7
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24590-WTP-RPT-PR-04-O1, Rev. B
WTP Process Corrosion Data

4.4.2 Ultraffltratfon Feed Preparation Vessel (UFP-VSL-OOOOIA/B)

Routine Operations

Envelope C processing includes solids removal and Sr/fMU precipitation. Therefore, this process is
operated separately from the other envelopes (i.e., Envelopes A/D, B/D). Feed during Envelope C
processing is received at a target molarity of 6 M sodium. If the feed is received too dilute, the feed
may be recycled to the waste feed evaporator feed vessels (PEP-VSL-OO17A/B) fir finther
evaporation. Furthernore, if dilution of the feed to 6 M sodium is required, process condensate can
be added. Once the vessel level reaches the desired low-level set point for agitation, the pulse jet
mixers are activated. The pulse jet mixers nm continually until the vessel is emptied below the low
level set point.

The precipitation reaction requires a heated solution of 122 *F; therefore, a heating steam ejector is
available in the ultrafiltration feed preparation vessel to maintain the necessary reaction temperature.
Reagents are added to Envelope C contents in vessels UFP-VSL-OOOOIA or B to commence
precipitation. The final concentration of free hydroxide, strontium, and permanganate solutions are
1.0 M oH',0.075 M Sr2

+, and 0.05 M MnOg, respectively. The addition also assumes that the initial
concentrations are zero in each case. Therefore, the volume of each reagent added is strictly based on
the initial liquid level (volume) in the vessel at the beginning ofthe reaction.

To perform an effective precipitation strike, the reagents are added in the following order. Initially,
19 M NaOH is added, followed by a sufficient amount of 1.0 M Sr(NO)2 solution. The resulting
solution provides the conditions to precipitate out strothiu as SrCOj. Finally, enough IM NaMNO 4
is added to mathematically achieve a 0.05 M MNO4 solution. The TRU components precipitate out
in the floculant After digestion, the solution is diluted from 6 M to 5 M sodium and to cooled back
down to 77 -F through the operation of the chilled water cooling jacket. The cooling and dilution
sequences can occur at the same time.

Non-Routine Operations that Could Affect Corrosion/Erosion

None identified.

UFP-VSL-0000 A/B: Sheet: of7
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UFP-VSL-00062-AIB/C (PTF)
Ultrafilter Permeate Collection Vessel
. Design Temperature (F)(max/min): 120/40
* Design Pressure (psig) (rnax/nin): 15/-10.29
* tocation: incell
S pjM Discharge Velocity (fp&)- 40
* Drive Cycle: 17%(at40 fps)

SSUED SN
RPPwTP POC R10591497

Offspring items
UFP.VSL-00023 -00025, UFP-VSL-00032 -00037
UFP-VSL0072 - 00073, UFP-VSL-0082 -00084
UFP-VSL-0005l, UFP-VSL-0069 -00070, UP-VSL-00075
UFP-PJM-0008- 00022,UFP-PJM-0039-00043
UFP PJM-00051 --00052, UFP-PJM-00076 - 00078
UFP-PJM-00070, UP-NM0073, UF?-PM-00107
UFP-RFD-00027 -00028, UFP-RFD-00030 - 00034
UFP-RFD-00037 - 00039, UFP-RFD-00042 -00049

Contents of this document are Dangerous Waste Permit affecting

Operating conditions are as stated on sheets S and 6

No traintenance will be perforned.

Operating Modes Considered:
* Normal operating conditions aM considered.
. The vessel my be cleaned using 2 N KNO, with residual chlorides and fluorides at normal operaling terperatures; the condition of high

temperature and acid is not examined.

Materials Considered:
material Relative Accepxble Unacceptable

(UNs No.) Cost Material Material
C& su'sl 0.23 X
3 ML(-04 ) 1.00 X
316L(S31603) 1.18 X
6%Mo g(N367/N08926) 7.64 X _

Alloy2(N06022) 11.4 X
Ti-2(1RS400 101 X

Recommended Material: 316 (max 0.030% C; dual certified)

Recommended Corrosion Allowance: 0.040 inch (includes 0.024 inch corrosion allowance
and 0.004 inch erosion allowance)

Process & Operations Limitations:
Develop rinsing/flushing procedure for acid and water

Please note that souree, special nuclear and byproduct materials, as
defined in the Atomic Energy Act of 1954 (AEA), are regulated at
the U.S. Deparrnent of Energy (DOE) facilities exclusively by DOE
acting purstua to its AEA authority. DOE asserts, hat pursuant to
the AEA, it has sole and exclusive responsibility and authoity to
regulate source, special nuclear, and byproduct materials at DOE-
owned nuclear facilities. Information contained herein on
radionuclides is provided for process description purposes only.

i4// $7/os

EXPIRES: 12/07/0

This bound document comain a total of 6 sheets.

2 Issued for Permitting Use

1/23/6S !ssued for Permitting Use DLA JRD SWV
f 10/15/04 issued for Permitting Use DLA JRD SWV

REV DATE REASON FOR REVISION PREPARER CHECKER APPROVER
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Corrosion Considerations:

Permeate collected in these vessels is sampled and then routed to the CXP system for further treatment. Pesteate collected from
solids washing is routed to PWD-VSL-0015 or PWD-VSL-000016.

2 Gefesrl Corrosion
Haner (1981) lists a corrosion rate for 304 (and 304L) in NaOH of less than 20 mpy (500 sn/y) at 77'? and over 20 my at 122-F. He shows
316 (and 316L) has a rate of less than 2 spy up to 122'F and 50% NeOH. Dillon (2000) and Sedriks (1996) both state that the 300 series stainless
steels are acceptable in up to 50% NaOH at temperatures up to about 122'T or slightly above. Divine's work (1986) with simulated-radwaste
evaporators, six months at 140-F, showed 304L was slightly rmore resistant to corrosion (<0.2 nopy) than was 316L (<0.6 hmy); Ni 200, pure
nickel, was much less resistant (-7 a.epy) Probably due in thcomplexants. Zapp (1998)aotes that the Savannah RWver evaplnlor vessels,
operating at about 300F, are made of 304L and have sfferd no failures in about 30 years; 304L heat minsfer surfaces have failed howeve, after
about 10 yars. Danielson & Pitni (2000), based on short term studies, suggest a corrosion rate of about 0.5 mpy for 316L in simulated waste at
boiling, >2120?.

Davis (1994) states the corrosion rate for 304L in pure NaOH will be less than about 0.1 mpy up to about 212OF though Sedriks (1996) states the
corosion rae dam. beyond about 122'F ae too low- Ublig (1 948) has shown That pure nickel is resistant to corrosion byNaOQ. However, as
Divine (19S6) pointed out, thepresenc. of comipicxing agents mayreverse the trend. Agarwal (201)() sates thatite highernickel alloys are
highly corrosion retistartthough specific mention of alkaline media is not made. The general literature mainty dissescrckngpsolm, se
below) rather than uniform corrosion.

The amount of dilution of fluoride during possible acid wash is unknown. Wilding and Paige (1976) have shown that in 5% nitric acid with
1000 ppm fluoride at 290'?. the corrosion rate of 304L can be kept as low as 5 mpyby the use of Al". Additionally, Sedriks (1996) has noted
with 10% (.2N) nitric acid and 3,000 ppm fluoride at 158'F, the corrosion rate of 304L is over 4,000 Trpy. Therefore, there is a concern about
encssiveeonasion rates during acid cleaning or should acid be from the Ultrafiration Feed Vessels. Acid wash should only be perfonned at
normal operating temperatures in older to reduce the extent of attack by chloride (pitting and crevice corrosion) and general corrosion due to
fluoride. Properly protected by temperature and fluoride complexants such as Al-, 304L may be suitable. The nore rnsistant 316Lis
recommended together with thorough flushing before acid is added.

Condusion: At temperatures less than about 140, 304L is expected to be sufficiently resistant to the waste solution with a probable general
corrosion rate of less than I ropy. During acid cleaning, in the presence of fluoride, a more resistant alloy may have to be considered unless steps
are taken to reduce the effect of the fluoride. Assuming. limited tini of exposure to acid and thorough washing. 0.04 inch corrosion allowance is
recommended.

brittingCorrosion
Chloride is lnovn to cause pitting in acid and neutral solutions. Dillon (2000) is of the opinion That in alkaline solutions, pl>12, chlorides are
likely to promote pitting only in tight crevices, Dillon and Koch (1995) are both of the opinion that flnride will have little cffct in an alkaline
media. Further, Revie (2000) and thlig (1948)note nitrate inhibits chloride pitting.

Normally the vessel is to operate at 860F. At the normal temperature, based on the work of Zapp (1998) and others, 304Lstaialess stee would be
acceptable in the proposed alkaline conditions. Under acidic or neutral pH conditions, 316L will be wore resistant to pitting due to the chloride
cocentratior.

If the vessel were filled with process water and left stagnant, there would be a tendency to pit. The time to initiate would depend on the source of
the water, being shelter for filtered river water and longer for DIW. Pitting has been observed in both cases, though much less frequently in Dw.
Therefore, controls on washing and rinsing are required.

Conclusion: Localized corrosion, such as pitting, is common but can be mitigated by alloys with higher nickel and molybdienumn contents. Based
on the expected operatingconditions, 304L is expected to be satisfactory. Due to the possibility of acid washes inside the vessels, 316L stainless
steel is the minimum ,ecormnended.

e End Grain Corrosion
End grain corrsion only occurs in metal with exposed end grains and in highly oxidizing acid conditions.

Conclusion: Possible, botmot believed likely in this system,

4 Stress Corrosion Cracking
The exact armount of chloride required to cause stress coriosion cracking is unknown. In part this is because the amount varies with terperature,
metal sensitization, and the environment. But it is also unknown because chloride ends to concentrate under heat transfer conditions, by
evaporation, and electrochenically during a corrosion process. Hence, even as little as 10ppm car lead to cracking under come conditions.
Generally, as sees in Sedriks (1996) and Davis (1987), stress corrosion cracking does not usually occur below about I40*F but this will depend on
conditions. Berhardsson et .1(1981) suggest that if the chloride concentration is< 50 ppm, temperatures up to 260 are acceptable whereas
temperatures should be less than about 75F if the chloride concentration approaches 1% (10o,000ppm). At the stated tenperature and alkaline
conditions, either 304L or 3161is expected lobe satisfacusry.

Conclusion: Because of the normal operating envionment As well as that which can occur during off norial conditions, the mininumaloy
recornmended is a 3041- stainless steel.

UFP-VSL-00062-A/B/C: Sheot:2 of 6
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e Crevice Corrosion
See Pitting.

Conusion: See Pitting

f Corrosion at Welds
Corrosion at welds is not considered a problem in the proposed environment

Condzion: Weld corrosion is not considered a problem for this system.

Z MIncbiolojlcaly 1,dued Corrosion (MIC)
The poposed operating conditions are not conducive to microbial growth - the semperature is approxiwseiy coma hut the pH is either too
alkaline or tooscid. Futher, the system is domistram of the main enry points of microbes.

Concluson: Mic is not considered a problem.

h Faticgu/Carroslon Fatigue
Under the stated operating conditions, corrosion fatigue is a not expected to be a problem in a pmperly designed vessel.

Conclusions: Not considered to be a concern.

I Vapr Phase CorrosIon
Not expected to be a concem.

Cond)urion: Not a concern.

j Erosion
Based on past experiments by Smith & enore (1992), the solids am soft and erosion is not expected to be a concer for the vessel wal. Based on
24590WTP-RPT-M-04.-ooa, a general erosion allowance of 0.004 inch is adequate for components with solids content less than 2 w1%. Because
of the negligible concentration of sUdissolvcd solids, no localized protection is necssary for the applicable portion of the bottom had to
accommodatc RIM discharge velocities of up to 12 mis for a usage of 100 % operation as documented in 24590-WTP-M0C40-0004.

The PJM nozzle requires no additional protection as documented in 24590-W TP-MOC-50-00004.

Conclusion: The recommrended corrosion allowance provides suficientprotectionfor trosiot of the vessel.

it Galling of Moving Surfaces
There are no moving surfaces within the vessels.

Conduion: Not applicable.

I Fretting/War
No conating surfaces a= cxpectd.

Conclusion: Not considered a problem.

to Galvanic Corrosion
No dissimilar metals are present.

Conduuion: Not applicable.

a Cavitation
None expected.

Condlaion: Not believed to be of concen.

o Creep
The tcnpcrtues are too low to be a concemn.

Conclusion: Not applicable.

p inadvertent Nitric Acid Addition
Higher chloride conterus and higher tempemtuos usually require higher alloy materials. Nitrate ions inhibit the pitingand crevice corrosion of
stainless alloys. Trthennore, nitric acid pasuivaves these alloys; therefore, lower pi values brought aboutby increases in the nitric acid content of
process fluid will not cause higher corrosion rates for these alloys. The upset condition that was most likely to occur is lowering of the PH of the
vessel content by inadvertent addition of 0.5 M nitric acid. Lowering of pH may make achloridce-ntining solution mom likely to cause pitting of
stainless alloys. Increasing the nitric acid content of the process fluid adds more of the pitting-inhibiting nitrate ion tothe process fluid. In addition,adding the nitric acid solution ro the stream will dilute the chloride content of the process fluid.

Conclusion; The reconmmended materials will be able to withstand a plausible inadvertent addition of 0.5 M nitric acid for a limited period.
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24590WTP-RPT-PR-04-001, Rev. B
WTP Process Corrosion Data

PROCESS CORROSION DATA SHEET

Component(s) (NamefilD 8)

Facilitf

In Black Cel?

Ultrafilter oermeate collection vessel fUFP-VSL-00b2A//C)

YW

Yes

Chemicals Unit ContractMavdmum Non-Reutine Notes
Lwch NotInch Leach NoLsach

Alumlrlum a*I 3.15&o1 3.17E+O1
Chloride uA 1.21& 01 1,45E-01
Fluoride 1 1-44E-01 1.73-1
Iron 0A 131E+00 2.me+-w
Nvtmta CA 1.73E 12 2.5%E+0
Nitrte 9A s.sEo0i BnjE. 1

- _at- VA 4.83E401 5,6S6E*0t
2um as 257E+01 2.0201 I

Macuy A 7.47S412 1.94E-02
Carbon.ate CA 03&01 9.93E+01
Undissolved solids w1%
Other (NaWnO4, Pb,..) gA
Other PA

pHWiA ___________ Nate3

Temp rature OF N___2

Litt ofOrganic Species:

References
hibritag fiir 74mIF.M FPm RevD

aS Docwflt 245Q0.WTP4MC-ViQ0l5. RvA
wlat a.. t.UPP7 U rFP

D. P P4.WP 0041
#:24593J F.-v7r.PwI1 RevS

Tnia Rescat: NWA-

Note:
C ron e"inthnixUTrgil do notnetoberepntelt id vk ultooofnlert olsnm.

. Wowprion 77 FtosxW *F (245KPTFMW4P4JM, Rev 0)
ssumpti pown 121o14

Astum ptiwns:
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WTP Process Corrosion Data

4.14.4 Ultrafilter Permeate Collection Vessel (UFP-VSL-00062 A/B/C)

Routine Operations

Permeate collected in the ultrafilter permeate vessels (UFP-VSL-00062A/B/C) is sampled and then routed
to the cesium ion exchange process system (CXP) for further treatment The permeate collected from
solids washing is routed to the acidic/alkaline effluent vessels (PWD-VSL-00015/OMl6), If necessary, the
permeate routed to the CXP system may be diluted with process condensate prior to transferring to meet
the 5 M sodium design basis requirement (SpG -1.25).

Non-Routine Operations that Could Affect Corrosion/Erosion

Off-specification permeate (excessive turbidity) can be routed back to either of the ultrafiter feed
preparation vessels (TP-VSL-0000A/B).
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Drawings and Documents
Attachment 51 - Appendix 8.11

Pretreatment Building
IQRPE Reports

The following drawings have been incorporated into Appendix 8.11 and can be viewed at
the Ecology Richland Office. New drawings are in bold lettering.

Drawing/Document Number Descriplion

24590-CM-HC4-HXYG-00138-01-01, Rev 0 IQRPE Integrity Assessment Report for
Second e ary Contament El. -45

24590-CM-HC4-HXYG-00138-01-02, Rev OOC IQRPE Integrity Assessment Report for

24590-CM-HC4-HIXYG-00138-01-07, Rev 00B3 IQRPE Integrity Assessment Report for
Below Grade PWD Tanks

24590-CM-HC4-HXYG-00138-01-13, Rev OOA IQRPE Integrity Assessment Report for
El. 28 Secondary Containment
IQRP Integrity Assessment Report for

24590-CM-HC4-HXYG-00138-01-15, Rev 00A Beco dae Conti Transe Anclla
Equipment and Corrosion Assessment

24590-CM-HC4-IXYG-00138-01-18, Rev 00A IQRP Intety Assessment Report for

24590-CM-HC4-HXYG-00138-02-00013, Rev IQRPE Integrity Assessment Report for
OOA PWD Ancillar Equipment
24590-CM-HC4-HXYG-00138-02-00014, Rev IQRP Integrity Assessment Report for
OOA PWD-VSL-00015/16/44
24590-CM-HC4-HXYG-00138-02-00015, Rev IQRPE Integrity Assessment Report for
OQA RLD-VSL-00017A/B
24590-CM-HC4-HXYG-00138-02-00017, Rev IQRP Integrity Assessment Report for El.
OOA 0 RLD Ancillary Equipment

24590-CM-HC4-HXYG-00138-02-00019, Rev IQRPE Integrity Assessment Report FEP

90A Vessels, Miscellaneous Treatment Units,
and Ancillary Equipment
IQRPE Integrity Assessment Report for

24590-CM-HC4-HXYG-00138-02-00020, Rev FEP-VSL-000 1 7A/B, FEP-VSL-00005,
OOA FEP-SEP-00001A/B, and FEP-RBLR-

00001A/B
24590-CM-HC4-HXYG-00138-02-00021, Rev IQRPE Integrity Assessment Report for
00A TLP Ancillary Eui ment

24590-CM-HC4-HXYG-00138-02-00022, Rev IQRPE Integrity Assessment Report for
OGA El. 56 Miscellaneous Treatment Units

_____________________________Secondary Containment
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24590-CM-HC4-HXYG-00138-02-000O23, Rev IQRPE Integrity Assessment Report for

90A TLP Miscellaneous Treatment Units and
Vessels

24590-CM-HC4-HXYG-00138-02-00027, Rev IQRPE Integrity Assessment Report for
00A RDP-VSL-00002A/B/C
24590-CM-HC4-HXYG-00138-02-00028, Rev IQRPE Integrity Assessment Report RDP
00A Ancillary Equipment

24590-CM-HC4-HXYG-00 138-02-00031, Rev IQRPE Integrity Assessment Report for

OOA El. 77 Miscellaneous Treatment Units
Secondary Containment

24590-CM-HC4-HXYG-00138-02-00033, Rev IQRPE Integrity Assessment Report for
OOA CXP Vessels
24590-CM-HC4-HXYG-00138-02-00034, Rev IQRPE Integrity Assessment Report El.
OOA 0 CXP Ancillary Equipment
24590-CM-HC4-HXYG-00138-02-00035, Rev IQRPE Integrity Assessment Report El. 0
00C PVP Ancillary Equipment
24590-CM-HC4-HXYG-00138-02-00036, Rev IQRPE Impendent Assessment Report for
00A CNP-VSL-00001/3/4
24590-CM-HC4-HXYG-00138-02-00037, Rev IQRPE Impendent Assessment Report for
00B CNP Ancillary Equipment
24590-CM-HC4-HXYG-00138-02-00040, Rev IQRPE Integrity Assessment Report for
00A RDP-VSL-00004
24590-CM-HC4-HXYG-00138-02-00041, Rev IQRPE Integrity Assessment Report El. 0
OOA RDP-VSL-00004 Ancillary Equipment
24590-CM-HC4-HXYG-00138-02-00046, Rev IQRPE Impendent Assessment Report for
OOA PJV-VSL-00002
24590-CM-HC4-HXYG-00138-02-00047, Rev IQRPE Impendent Assessment Report for
OOA El. 0 PJV Ancillary Equipment
24590-CM-HC4-HXYG-00138-02-00051, Rev IQRPE Integrity Assessment Report for
OOA PVP-VSL-00001, PVP-SCB-00002
24590-CM-HC4-HXYG-00138-02-00054, Rev IQRPE Integrity Assessment Report for
OOA TLP-VSL-00009A/B
24590-CM-HC4-HXYG-00138-02-00045, Rev IQRPE Integrity Assessment Report CNP
00B Miscellaneous Treatment Units

24590-CM-HC4-HXYG-00138-02-00057, Rev IQRPE Integrity Assessment Report
ODA for El. -2'.O" RLD Tanks RLD-TK-

00006 A/B

24590-CM-HC4-HXYG-00138-02-O1A, Rev A IQRPE Integrity Assessment Report for
El. 0 Secondary Containment

24590-CM-HC4-HXYG-00138-02-02, Rev OOA IQRPE Integrity Assessment Report for
FRP Ancillary Equipment, Rev. 1

24590-CM-HC4-HXYG-00138-02-03, Rev 00 IQRPE Integrity Assessment Report for
24590-CM-HC4-HXYG-001 3 8-02-03, Rev 00B FRP-VSL-egy2AsB/C/D

2450-C -HIXYG-00138-02-04, Rev 0013B IQRPE Integrity Assessment Report for
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TCP-VSL-00001

24590-CM-HC4-HXYG-00138-02-05, Rev OOA IQRPE Integrity Assessment Report for
TCP Ancillary Equipment

24590-CM-HC4-HXYG-00138-02-06, Rev 00A IQRPE Integrity Assessment Report for
UFP Ancillary Equipment

24590-CM-HC4-HXYG-00138-02-09, Rev OOA IQRPE Integrity Assessment Report for
HLP Ancillary Equipment

24590-CM-HC4-HXYG-00138-02-10, Rev OOA IQRPE Integrity Assessment Report for
4 HLP-VSL-00022, 00027A/B, and 00028

RESERVED RESERVED
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COGEMA-IA-083, Rev. 0

STRUCTURAL INTEGRITY ASSESSMENT
OF

THE PRETREATMENT FACILITY (PTF) ELEVATION (-) 2-0"
SECONDARY CONTAINMENT OF RADIOACTIVE LIQUID WASTE DISPOSAL

SYSTEM (RLD) TANKS (RLD-TK00006 A/B)

Job No. 24590

1ehtlN 21oa, Inc.
SUPPLIER DOCUMENT STATUS

L W nd .Work may r s
2. li~vis an reubmt.work mY roceed subject to resolution of indicrated commsents.

3fl Revss and resuultWrmano urce.
4. Review not required, Work may proceed.
Permission to proceed does not constitute acceptance or approval of design details, calculations,
analyses, test methods, or materials developed or selected by the supplier and does not relieve
supplier from full compliance with contractual obligations

G-321 Documnt Casegoz
[From Supplemrrt A to (-321-E (E) or G-321-V (V), as applicable, or "N/A" if SSRS is used]

prsedes BNDorument No. 
Rev. - P ev.

Accepted by

R eleased y[When appticablel Prn aeSignan Dbow

cL1S1O cfl{4-&H4l~Ykj,p O$ - 0OCG$-7 _LEVOC04

Please note that source, special nuclear and byproduct materials, as
defined in the Atomic Energy Act of 1954 (AEA), are regulated at the
U.S. Department of Energy (DOE) facilities exclusively by DOE acting
pursuant to its AEA authority. DOE asserts, that pursuant to the
AEA, it has sole and exclusive responsibility and authority to regulate
source, special nuclear, and byproduct materials at DOE-owned
nuclear facilities. Information contained herein on radionuclides is
provided for process description purposes only.



COGEMA-IA-083, Rev. 0

IQRPE REVIEW
OF

THE PRETREATMENT FACILITY (PTF) ELEVATION (-) 2'-0"
SECONDARY CONTAINMENT OF RADIOACTIVE LIQUID WASTE DISPOSAL

SYSTEM (RLD) TANKS (RLD-TK-00006 A/B)

"I, Tarlok Hundal have reviewed and certified a portion of the design of a new tank
system or component located at the Hanford Waste Treatment Plant,
owned/operated by Department of Energy, Office of River Protection, Richland,
Washington. My duties were independent review of the current design for the
Pretreatment Facility (PTF) Elevation (-) 2'-0" Secondary Containment of RLD Tanks
(RLD-TK-00006 A/B) as required by the Washington Administrative Code,
Dangerous Waste Regulations, Section WAC-173-303-640(3) (a) through (g)
applicable components."

"I certify under penalty of law that I have personally examined and am familiar with
the information submitted in this document and all attachments and that, based on
my inquiry of those individuals immediately responsible for obtaining the information,
I believe that the information is true, accurate, and complete. I am aware that there
are significant penalties for submitting false information, including the possibility of
fine and imprisonment."

The documentation reviewed indicates that the design fully satisfies the
requirements of the WAC.

The attached review is ten (10) pages numbered one (1) through ten (10).

EXPIRES: 02D150

Signature Date



Pretreatment Facility (PTF) Elevation (-) 2'-0" COGEMA-IA-083, Rev. 0
Secondary Containment of RLD Tanks (RLD-TK-00006A/B)

This integrity assessment addresses the Pretreatment Facility (PTF) Secondary Containment of RLD tanks (RLD-TK-
g Scope of this Integrity 00006A/B) located outside the north east end of the main building in an area designated as Area 7 and Room P-l150

Assessment at Elev. (-) 2'0" as shown on Drawings 24590-PTF-P1-POIT-00001 and 24590-PTF-PI -P23T-00107.

H-2-829714, Rev. 1, Privatization Site Legal Descriptions;
24590-BOF-PI-50-00001, Rev. 5, RPP-WTP Plot Plan;
24590-BOF-C2-Cl2T-00002, Rev. 6, RPP-WTP Site General Arrangement Plan;
24590-BOF-CO-Cl 2T-00003, Rev. 0, Abbreviations, Symbols and General Notes;
24590-BOF-CG-Cl2T-00001, Rev. 0, Final Grading Key Plan;
24590-BOF-CG-CI2T-00007, Rev. 0, Final Grading Plan Area 7;
24590-PTF- P1- P01T- 00001, Rev. 6, Pretreatment Facility General Arrangement Plan at El. 0'-0";
24590-PTF- P1- POIT- P0012, Rev. 6, Pretreatment Facility General Arrangement Sect. F-F and Sect. G-G;
24590-PTF- Pl- P01T- P0013, Rev. 5, Pretreatment Facility General Arrangement Sect. H-H and Sect. J-J.
24590-PTF-MT-RLD-00001, Rev. B, Equipment Assembly Process Condensate Tanks RLD-TK-00006A & 6B;
24590-PTF-PI-P23T-00107, Rev. 4, Pretreatment Facility Equipment Location Plan at El. 0'-O"/Area 7;
24590-PTF-DB-S I 3T-00025, Rev. A, Pretreatment Facility Structural Concrete Forming RLD Tanks Secondary Cont. Foundation

Drawings and Floor Plan;
24590-PTF-DB-SI3T-00026, Rev. A, Pretreatment Facility Structural Concrete Forming RLD Tanks Secondary Containment
Sections;
24590-PTF-DB-SI3T-00027, Rev. A, Pretreatment Facility Structural Concrete Forming RLD Tanks Secondary Containment
Sections & Details;
24590-PTF-DG-S13T-00028, Rev. A, Pretreatment Facility Structural Concrete Reinforcement RLD Tanks Secondary
Containment Foundation and Floor Plan;
24590-PTF-DG-S13T-00029, Rev. A, Pretreatment Facility Structural Concrete Reinforcement RLD Tanks Secondary Cont.
Sections & Details;
24590-WTP-DO-S13T-00002, Rev. 2, Civil/Structural Standards General Notes;
24590-WTP-DO-S13T-00003, Rev. 2, Civil/Structural Standards Abbreviations and Legend;
24590-WTP-DO-S13T-00004, Rev. 2, Civil/Structural Standards Concrete Notes;
24590-WTP-DG-S13T-00001, Rev. 0, Civil/Structural Standards Concrete Reinforcement Details;

I_ 1_24590-WTP-DG-S13T-00005, Rev. 3, Civil/Structural Standards Concrete Reinforcement Details.

For each item of "Information Assessed" (i.e., Criteria) on the following pages, the items listed under "Source of

Summary of Assessment Information" were reviewed and found to furnish adequate design requirements and controls to ensure that the design
fully satisfies the requirements of Washington Administrative Code, WAC-173-303-640, Dangerous Waste
Regulations for Tank Systems.

Page 1 of 1011/29/05



Pretreatment Facility (PTF) Elevation (-) 2'-0"
Secondary Containment for RLD Tanks (RLD-TK-00006A/B)

'0

Z
Cl

U

COGEMA-IA-083, Rev. 0

Information Assessed Source of Information Assessment

Description of subsurface
conditions and soil
bearing capacity are
adequate.

Drawings listed above under References;

24590-PTF-MTD-RLD-00001, Rev. B
Mechanical Data Sheet for Tanks (RLD-TK-
00006A/B);
24590-PTF-DGC-S13T-00035, Rev. A
Secondary Containment for RLD Tanks,
(including Engineering Calculation Change
Notice, ECCN # 24590-PTF-DGE-S 13T-
00026, to Rev. A);
24590-WTP-IDC-ST-01-001, Rev. 9,
Structural Design Criteria;
24590-PTF-SOC-8I5T-00010, Rev. I,
Pretreatment Building-Soil Springs;
24590-BOF-3PS-CEOO-TOOOI, Rev. 0, Site
Work.
24590-BOF-3PS-CEOI-TOOO1, Rev. 5,
Engineering Specification for Excavation and
Backfill;
24590-BOF-3PS-COOO-TOOO1, Rev. 3,
Engineering Specification for Material
Testing Services.

Page 2 of 10

The Mechanical Data Sheet for Radioactive Liquid Waste Disposal
system (RLD) tanks (RLD-TK-00006A/B) lists the Quality Level as
Commercial Grade (CM) and Seismic Category as SC-rn for these
tanks. The Quality Level and Seismic Category of the secondary
containment structure for these tanks are also appropriately identified
as CM and SC-Ill, respectively, in the drawings and in the Secondary
Containment for RLD Tanks (structural design calculations). The
Structural Design Criteria and Pretreatment Building-Soil Springs
documents provide adequate applicable design guidance for the
foundation designs based on the site soil properties determined based
on the current geotechnical investigation reports for the WTP facility
The Structural Design Criteria recommends to design the mat on elastic
foundation using soil springs. The Secondary Containment for RLD
Tanks (structural design calculations) used the soil spring constants as
determined in the Pretreatment Building-Soil Springs document. The
specifications Site Work and Excavation and Backfill identify the
limits and to remove unsuitable materials under the foundations. The
Specification for Excavation and Backfill provides structural backfill
requirements based on the geotechnical investigation report and
applicable codes and standards for the selection, placing, compacting,
and backfill testing of candidate fill materials and completed backfills.
The Specification for Material Testing Services provides adequate
codes and standards for testing of the candidate structural fill materials
and in-situ testing of structural fills as they are placed. The codes and
standards are consistent with those called out in the Specification for
Excavation and Backfill. The subsurface conditions and soil bearing
capacities (soil springs) are adequately described and or computed for
the secondry containment foundation design.

I1/29/05



Pretreatment Facility (PTF) Elevation (-) 2'-O" COGEMA-IA-083, Rev. 0
Secondary Containment for RLD Tanks (RLD-TK-00006A/B)

Information Assessed Source of Information Assessment
24590-WTP-DC-ST-01-001, Rev. 9,
Structural Design Criteria;
ASCE 7-98, Minimum Design Loads for The Structural Design Criteria uses current adequate standards to
Buildings and Other Structures, American define design loads and load combinations (ASCE 7-98 and ACI 318-

s Society of Civil Engineers; 99). Dead and fluid loads are included in these loads and load
Foundation design load ACI 318-99, Building Code Requirements combinations. Settlement design parameters are included in the
(including full tanks) and for Structural Concrete, American Concrete Structural Design Criteria subsection on "geotechnical design
estimated settlement are Institute; parameters and foundation design." Review of the Secondary
adequately considered. 24590-PTF-DGC-S13T-00035, Rev. A Containment for RLD Tanks (structural design calculations) shows that

Secondary Containment for RLD Tanks, the full loads of the tanks have been appropriately considered in the
(including Engineering Calculation Change foundation design.
Notice, ECCN # 24590-PTF-DGE-S13T-
00026, to Rev. A).
24590-WTP-DC-S-01-001, Rev. 9, The Structural Design Criteria references current adequate design
Structural Design Criteria; criteria for the design of concrete foundations and footings. ACI 318-
ACI 318 Building 99 is referenced for the design of SC-IL structures. Review of the
for Structural Concrete, American Concrete Secondary Containment for RLD Tanks (structural design calculations)

Design calculation Institute; provides the design approach, basis, and methodology used for the
approach and design basis 24590-PTF-DGC-S13T-00035, Rev. A design of the secondary containment foundations/footings. The above
of footings with design Secondary Containment for RLD Tanks, mentioned codes and standards, design approach, methodology, and
standard references (e.g., (including Engineering Calculation Change basis delineated are appropriate and adequate for the foundation
ACI) are adequate. Notice, ECCN # 24590-PTF-DGE-S13T- design. The input parameters used in the GTSTRUDL computer code00026, to Rev. A). utilized for this secondary containment design are appropriates and the

24590-WTP-VV-ST-01-001, Rev. 4, output results have been appropriately validated via the Verification
Verification and Validation Test Plan and and Validation Test Plan and Test Report document.
Test Report for GTSTRUDL.

Page 3 of 101 1/29/05



COGEMA-IA-083, Rev. 0Pretreatment Facility (PTF) Elevation (-) 2'-0"
Secondary Containment for RLD Tanks (RLD-TK-00006A/B)

Information Assessed

Foundation material is
compatible with the soil.

Source of Information

Drawings listed above under References;

24590-WTP-3PS-DBO-TOOOI, Rev. 7,
Engineering Specification for Furnishing and
Delivering Ready-Mix Concrete;
24590-WTP-3PS-DGOO-TOOOI, Rev. 3,
Engineering Specification for Reinforcing
Steel;
24590-PTF-DGC-513T-00035, Rev. A
Secondary Containment for RLD Tanks,
(including Engineering Calculation Change
Notice, ECCN # 24590-PTF-DGE-SI3T-
00026, to Rev. A);
24590-BOF-3PS-COOO-TOOO1, Rev. 3,
Engineering Specification for Material
Testing Services;
24590-WTP-DB-ENG-01-001, Rev. IC,
Basis of Design.

Assessment

The materials for secondary containment structure and backfill used
under it are consistently identified in the specifications, drawings, and
calculations. The Specification for Furnishing and Delivering Ready-
Mix Concrete provides adequate current testing requirements for the
selection of coarse and fine aggregates and the procurement of
cementitious materials. Adequate test procedures are provided in the
Material Testing Services specification for testing candidate aggregates
for chemical reactivity. Instructions for mixing and delivering ready-
mix concrete are adequate and current. As noted in the Basis of Design
document (Section 4.7), the groundwater table is more than 250 feet
below the ground surface; therefore, no compatibility problem is
expected between the concrete foundations and the surrounding
backfill materials used under and around it.

The Structural Design Criteria includes adequate provisions to preclude
frost heave in the section addressing lateral earth pressure loads. All

Drawings listed above under Rstructural foundations are required to extend into the soil below the

DanFoundation will withstand frost line to preclude frost heave. The frost line depth is 30 in. below
Ffndtso wilrwihsteand the finished grade. The structural drawings show that the thickness of

S theffecsoffros-TD CTr Rconcrete foundation mat of Room P-0150 varies from 4.5 ft to 3.25 ft
S r Dand its bottom elevation is at least 39 in. below the finished grade or

below the finished concrete elevation, therefore, the foundation mat
will not be subject to frost heave effects.
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Pretreatment Facility (PTF) Elevation (-) 2'-O" COGEMA-IA-083, Rev. 0
Secondary Containment for RLD Tanks (RILD-TK-00006A/B)

Information Assessed Source of Information Assessment

24590-WTP-DC-ST-0l-001, Rev. 9,
Structural Design Criteria; This secondary containment structure is classified as seismic category
24590-WTP-SRD-ESII-01-001-02, Rev. 3x, SC-Ill structure. The Structural Design Criteria and SRD.documents
Safety Requirements Document (SRD) provide codes and standards applicable for the design of SC-Ill
Volume II. structures. These documents require using the ACI 318-99 concrete
ACI 318-99, Building Code Requirements for code utilizing the UBC-97 code to determine the seismic forces for the

Seismic considerations Structural Concrete, American Concrete design of SC-Ill structures. The ACI 318-99 code identifies all loads
have been adequately Institute; and load combinations for design of the secondary containment
addressed. UBC-97, Uniform Building Code, reinforced concrete foundations and structures. These codes and

International Conference of Building standards are adequate and acceptable for addressing seismic
Officials; considerations. Review of the Secondary Containment for RLD Tanks
24590-PT-DGC-SI3T-00035, Rev. A Secondary (structural design calculations) shows that the applicable seismic codes
Containment for RLD Tanks, (including and standard requirements have been appropriately considered and
Engineering Calculation Change Notice, ECCN # complied with the design of this secondary containment structure.
24590-PTF-DGE-S13T-00026, to Rev. A.

24590-WTP-DB-ENG-01-00 1, Rev. IC, Basis The Basis of Design states that tank system shall provide for sump and

of Desig; -leak detection equipment which are appropnately lined and any spills

24590-W P-PER-CSA-02-001 Rev. 7, are removed and flushed within 24-hr or as timely as possible. The

Secondary Containment DesignR Secondary Containment Design document provides details for
SeconddyCntaime nt2 , D esig. 3application of special protective coatings for this secondaryThe stored waste is 245 90-WTP-PER-M-02-00 1, Rev. 3, Material cnanetae.Bsdo h eald nlsso h orsv

compatibe wit aimt Selcin fo Buidn Seodrontainment area. Based on the detailed. analyss ofa tev orrosiveScopaibl witaints Seletions frBiDngtecondar properties of the expected waste process operations and evaluation of
Seondk Conetinment ContinmentLeaktDetection ;) potential leak scenarios, the Material Selections and BNI CCN #
ardwleakdetecton chtlN a#tion2, RIn k ( eBN ndIry126217 documents identify appropriate and adequate environmental
hrdae baed ond C CCNo26217, RIDg TankSdecaona-y and corrosion resistant materials requirements for secondarya detailed chemical and Containment Coating Considerations-

S physical analysis of the R se t EQuestions (T Cos 2,containment coatings, liners, sumps and leak detection equipment. The
wastessuse andsi ofthe emiRes sagse to DP Pfueon daTe ov.23 Engineering Specification for Field Applied Special Protective
wfastusedn oteres 2mai, me e A ) DCoatings (SPCs) provides the selection test criteria used to determineinform-4ation sources. 2005, 10:23 AM); acceptable approved coating systems. These test criteria include

Engineering Specification for Field Applied chemical resistance endurance requirements and wear abrasion

E ering Protective Coatings for Secondary resistance criteria. The above mentioned documents provide adequate
Special iet r at information that the materials and hardware used are compatible with
Containment Areas.the waste.

Page 5 of 101 1/29/05



Pretreatment Facility (PTF) Elevation (-) 2'-0"
Secondary Containment for RLD Tanks (RLD-TK-00006A/B)

COGEMA-IA-083, Rev. 0

Information Assessed

The design shows that the
Secondary Containment
has sufficient strength and
thickness to prevent
failure owing to pressure
gradients, static head
during a release, physical
contact with the waste,
climatic conditions, and
the stress of daily
operations (e.g., vehicular
traffic).

Source of Information Assessment
The Structural Design Criteria document identifies adequate and
appropriate design codes and standards and all applicable load cases
from site specific conditions that must be considered in the design.
Factors that were considered for special protective coating (SPC)
material selection are adequately discussed in the Material Selections
and BNI CCN # 126217 documents. Review of the Secondary
Containment for RLD Tanks (structural design calculations) shows that
all components of the secondary containment have been adequately
designed for the applicable loads including static head, light traffic and
equipment applications, and other natural phenomenon hazards. No
heavy vehicular traffic is expected inside the bermed wall area. The
thickness of SPC is adequately designed to sustain applicable stress
and/or loading and environmental conditions. The structural design
calculations show that the foundation mat is adequately designed to
sustain the applicable loads imposed by the RLD-TK-0006A/B tanks to
the mat at the interface of tank bottom and top of concrete pad.
However, the integrity assessment of the tank including its anchoring
system to the concrete pad is out of scope of this assessment. Integrity
assessment of tanks is conducted in a separate report.

Page 6 of 10

Drawings listed above under References;

24590-WTP-DC-ST-01-001, Rev. 9,
Structural Design Criteria;
24590-WTP-PER-M-02-001, Rev. 3, Material
Selections for Building Secondary
ContainmcntlLeak Detection,
Bechtel National, Inc. (BNI)
CCN # 126217, RLD Tank Secondary
Containment Coating Considerations-
Response to lQRPE Questions (T Coutts
email message to DC Pfluger, dated Nov. 23,
2005, 10:23 AM);
24590-PTF-DGC-Sl3T-00035, Rev. A
Secondary Containment for RLD Tanks,
(including Engineering Calculation Change
Notice, ECCN # 24590-PTF-DGE-S13T-
00026, to Rev. A).
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Pretreatment Facility (PTF) Elevation (-) 2'-0" COGEMA-IA-083, Rev. 0
Secondary Containment for RLD Tanks (RLD-TK-00006A/B)

Information Assessed Source of Information Assessment
Drawings listed above under References; The Structural Design Criteria document identifies adequate and

appropriate design codes and standards and all applicable load cases24590-WTP-DC-ST-1-00 , Rev. 9' (operational stresses) from site specific conditions that must be
Structural Design Criteria; considered in the design. The Material Selections document considers
24590-WTP-PER-M-02-0, Rev. 3, Material mechanical factors including foot traffic, fork lift operations, andThe Secondary Selections for Building Secondary dropping of equipment. No heavy traffic or heavy equipment are

Containment system has Containment/Leak Detection; expected within the secondary containment walls, however,sufficient strength in the Bechtel National, Inc. (BNI) precipitation and other applicable inclement weather and natural
pstresec fosspeiona CCN m# n 126217, D TankSdecony environmental effects have been considered in the Material Selectionsstresses from site-specific Containment Coating Considerations-anBNCN#1217dcm tsThSeoarCnaietfr
conditions (i.e., traffic, |Response to IQRPE Questions (T Courts ad ICC #1227dumnsTeSendyCntimnfr
cItio iet c, eR esge to C Que , (T Co.t2 RLD Tanks (structural design calculations) document shows that it hasheavy equipment, email message to DC Pluger, dated Nov. 23, adequate strength to sustain all applicable loads. The structuralprecipitation, frost). 2005,10:23 AM); drawings show that the thickness of concrete foundation mat of Room24590-PTF-D C-SI3T-00035, Rev. A P-0150 varies from 4.5 ft to 3.25 ft and its bottom elevation is at leastSecondary Containment for RLD Tanks, 39 in. below the finished grade or below the finished concrete(including Engineering Calculation Change elevation, therefore, the foundation mat will not be subject to frost

Notice, ECCN # 24590-PTF-DGE-S 3T- heave effects.
00026, to Rev. A).____________________________
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Pretreatment Facility (PTF) Elevation (-) 2'-O"
Secondary Containment for RLD Tanks (RLD-TK-00006A/B)

COGEMA-IA-083, Rev. 0

tion Assessed Source of Information Assessment

The Secondary
Containment is properly
supported by a foundatio
or base in order to preven
failure from settlement,
compression, or uplift,
including the residual
effects of installation.

The placement, structural
support, and type of
material used for backfill
around and below the
Secondary Containment
are appropriate.

Drawings listed above under References;

24590-WTP-DC-ST-0l-001, Rev. 9,
Structural Design Criteria;
24590-BOF-3PS-CEOO-TOOOI, Rev. 0, Site
Work.
24590-BOF-3PS-CEOI-TOO01, Rev. 5,

n Engineering Specification for Excavation and
Backfill;
24590-BOF-3PS-COOO-T0001, Rev. 3,
Engineering Specification for Material
Testing Services;
24590-PTF-DGC-SI3T-00035, Rev. A
Secondary Containment for RLD Tanks,
(including Engineering Calculation Change
Notice, ECCN # 24590-PTF-DGE-S13T-
00026, to Rev. A).

Drawings listed above under References;

24590-BOF-3PS-CE1-TOOO1, Rev. 5,
Engineering Specification for Excavation and
Backfill;
24590-BOF-3PS-COOO-TOOOI, Rev. 3,
Engineering Specification for Material
Testing Services.
24590-WTP-PER-CON-02-001, Rev. 5,
Installation of Tank Systems and
Miscellaneous Unit Systems.

The Structural Design Criteria adequately identifies the applicable
parameters to be used for the foundation design. The design
requirements, codes and standards, and documents specified are
adequate to satisfy the performance goals of the secondary containment
structure. The technical specifications for Site Work and Excavation
and Backfill adequately provide adequate details for base material used
under the foundation and for its proper installation. The drawings show
the secondary containment location, boundaries, and details. The
specifications for Site Work and Excavation and Backfill identify the
removal of unsuitable materials under the foundations. Specification
for Excavation and Backfill also identify inspections, and materials and
compaction testing requirements to ensure adequate base support for
the foundation to prevent its failure due to settlement, compression, or
uplift including residual effects of installation. The Specification for
Material Testing Services provides current adequate codes and
standards for testing of the candidate structural fill materials, and in-
situ testing of structural fills as they are placed. Review of the
Secondary Containment for RLD Tanks (structural design calculations)
shows that the design process appropriately considered all applicable
factors for the foundation design.
The drawings and Specification for Excavation and Backfill provide
specific material to be used under and around the secondary
containment foundations and contain placing and backfilling
requirements. The Material Testing specifications contain current
adequate industry standards for selecting and testing fill materials, and
testing not less than once each lift to ensure adequate compaction.
Requirements for testing and record keeping are current and adequate
for the backfill around and below the secondary containment.
Furthermore, the certification of construction by an independent
inspector as required per the Installation of Tank System document will
ensure that all tank system units including secondary containment
structural support and backfill placement comply with the applicable
documents.

Page 8 of 10

V

1 1/29/05



Pretreatment Facility (PTF) Elevation (-) V-9" COGEMA-IA-083, Rev. 0
Secondary Containment for RLD Tanks (RLD-TK-00006A/B)

Information Assessed Source of Information Assessment
The design or operation
(eg., diking & curbing) Drawings listed above under References; The Basis of Design document requires that secondary containment

enftmno n or 24590-WTP-DB-ENG-01-001, Rev. 1C structure shall be capable to contain 100% liquid volume of the largest

precipitation into the Basis of Design; -' tank in the group of tanks plus the precipitation from a 25-year, 24-
precipitatyioninthe Basis-ofDGC; 3T--hour rainfall event. The Secondary Containment for RLD TanksSecondary Containment 24590-PTF-DGC-f13T-00035, Rev. A (structural design calculations) and the drawings details show that the

e system h (cncdary Eninent RED Tang secondary containment concrete foundation and walls are adequate to11 collection system has (including Engineering Calculation Change cnanterqie oueo h iudwseietfe bv n
S suficentexces cpacty otic, ECN 2490-PF-DE S3T- contain the required volume of the liquid waste identified above and

.~sufficient excess capacity Notice, ECCN # 24590-PTF-DGE-S 1 3T- will prevent infiltration from external run-ons.
9 (25 yr rainfall) to contain 00026, to Rev. A).

the run-on precipitation.
Drawings show that water stops are installed at the intersection of the

external moisture barrier Drawings listed above under References; berm walls and the foundation slab, which will prevent migration of
ortera mestorevent moisture to and from the secondary containment structure.or oher meansto vent 24590-WTP-DB-ENG-01-001, Rev. IC, Furthermore, the Basis of Design document (Section 4.7) states that themoisture from entering Basis of Design. groundwater table is more than 250 feet below the ground surface.

Therefore, external moisture entering the bermed area is of no concern.
Drawings listed above under References;

Bechtel National, Inc. (BNI) The drawings and BNI CCN # 126217 document identify the Special
CCN # 126217, RLD Tank Secondary Protective Coating (SPC) for the inside surfaces of Room P-0 150 to be

The containment area is Containment Coating Considerations- an SC-N material coating system designation as described in the
free of cracks or gaps and Response to IQRPE Questions (T Coutts Engineering Specification for Field Applied Special Protective
the design discusses email message to DC Pfluger, dated Nov. 23, Coatings. This specification also provides details addressing the
methods of their 2005, 10:23 AM); installation of acceptable approved SPC systems. These details address

Q minimization. 24590-WTP-3PS-AFPS-TPOO6, Rev. 1, surface preparation, patching and filler materials for cracks and gaps,
Engineering Specification for Field Applied and application rules for multi-layer coatings. All these details and
Special Protective Coatings for Secondary methods of installation ensure mitigation of cracks and gaps.
Containment Areas.
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Pretreatment Facility (PTF) Elevation (-) 2'-0"
Secondary Containment for RLD Tanks (RLD-TK-00006A/B)

Information Assessed

The design has considered
the compatibility of the
concrete liner or coatings
and waste and presents
information on coatings
planning to be used from
the manufacturer
addressing compatibility
with the stored waste.
The lining or coating
must prevent the waste
from migrating into the
concrete.

COGEMA-IA-083, Rev. 0

Drawings listed above under References;

Bechtel National, Inc. (BNI)
CCN # 126217, RLD Tank Secondary
Containment Coating Considerations-
Response to IQRPE Questions (T7 Coutts

d email message to DC Pfluger, dated Nov. 23,
2005, 10:23 AM);
24590-WTP-3PS-AFPS-TP006, Rev. 1,
Engineering Specification for Field Applied
Special Protective Coatings for Secondary
Containment Areas;
24590-WTP-PER-M-02-001, Rev. 3, Material
Selections for Building Secondary
Containment/Leak Detection;
24590-WTP-PER-J-02-001, Rev. 4, Leak
Detection-Sump Level Measurement in
Secondary Containment System;
24590-PTF-PER-M-04-0009, Rev. 0, Sump
Data for PT Facility Room P-0 150;
24590-PTF-3YD-PWD-00001, Rev. 1,
System Description for Plant Wash and
Disposal System and Radioactive Liquid
Waste Disposal System RLD.

The drawings and BNI CCN # 126217 documents identify the Special
Protective Coating for the inside surfaces of Room P-0150 to be an SC-
N material coating system designation as described in the Engineering
Specification for Field Applied Special Protective Coatings document.
The Material Selections including the BNI CCN # 126217 document
contains adequate and appropriate information on the compatibility of
planned secondary containment SPC with the waste. The Engineering
Specification for Field Applied Special Protective Coatings provides
appropriate selection test criteria used to determine acceptable
approved coating systems. The test criteria include chemical resistance
endurance requirements and wear abrasion resistance criteria to ensure
that the applied SPC system will prevent migration of waste to and
protect the secondary containment concrete. Furthermore, the Leak
Detection document provides detailed liquid level measurement
requirements to monitor any leak directed to and collected in the sump
(RLD-SUMP-0003). Specific details of the sump are described in the
Sump Data document and as shown on the drawings. The System
Description document provides the requirements to monitor the sump
level and to pump out any liquid waste within 24 hours of its leak,
which also help prevent any migration of waste to the secondary
containment concrete.
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Flooding Volume for LAW Fadfltp
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Notice

Please note that source, special nuclear, and byproduct materials, as defined in the Atomic Eney Act of
1954 (AA), are regulated at the US Department of Energy (DOe facilities exclusively by DOE acting
pursuant to its AEA authority. DOE asserts, that pursuant to the AEA, it has sole and exclusive
responsibility and authority to regulate source, special nuclear, and byproduct materials at DOE-owned
nclear facilities. Information contained herein on radionuclides is provided for process description

purposes only.
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24590-LAW-PER-M-02402, Rev 6
Flooding Volume ft LAW Fedity

Mued for PermkIng Use

1 Introduction

The Washington Administrative Code, WAC 173-303, requires that secoudary containment be designed
and operated to contain 100 % ofthe capacity of the largest tank within its boundary for tank systems
containing dangerous waste. This report discusses the assessment of flooding volume that is required to
be contained for the low-activity waste vitrification (LAW) facility.

2 Applicable Documents

* WAC 173-303. Dangerous Wane Regulations. Washington Administrative Code.

3 Description

3.1 Flooding Volume Description for LAW Faciity at -21 Ft Elevation

The only vessel in the LAW facility containing dangerous waste at -21 ft elevation is the C3/C5
drains/sump collection vessel (RLD-VSL.00004). In the event of a line brek vessel failure, or tank
overflow, flooding could occur in the cell. The C3/C5 drains/sump collection vessel (RL-VSL-00004) is
in an enclosed C3/C5 cell area, in room L-BO01B (C3/CS drain collection cell).

To conservatively calculate the available area of the cell where the flooding volume could leak, the
largest cross-sectional area of the vessel is subtracted from the cross-sectional area of the rectangular ce.
The required height of the liner is equal to the flooding volume divided by the available cross-sectional
area ofthe room.

In order to calculate the miniumn height of C3/C5 drain collection cell (room L-BOOlB) stainless steel
liner, the following 2 scenarios are considered.

a Leakage and spillage of the C3/C5 drains/sump collection vessel (RLD-VSL-00004) when the total
volume of fluid contained in the vessel is discharged into the cell. The flooding volume is the larger
of 110 % (used as a conservative criteria) of the maximum operating volume of the largest vessel, or
100% of the total volume of the largest vessel. The vessel total volume is defined as internal volume
of the vessel including the shell and both heads. The total vessel volume of 1034 ft is greater than
110 % ofthe maximum operating volume. Fire sprinklers are provided in this cell; tberefore, 246 ft
of fire water from 20 minutes of sprinklers in the cell is added to the flooding volume. Thus, 1280 ft
is the total volume used for calculating the cell liner height. Minimum liner height required for this
case is 3.4 ft.

b The vessel is foil and intact so only fire water runoff from higher elevation floor drains is considered
for the flooding volume. This scenario is based on the design of the LAW facility systems and uses a
conservative volume of water for calculation of the liner height, almost 3 times the volume required
in WAC 173-303. As shown in Figure 1, several of the LAW facility floor drains, sumps, and
overflow lines drain to the C3/C5 dfins/sump collection vessel (RLD-VSL-00004). In the event of a
fire, the fire water would collect on the higher elevations and drain to the tauk Since the tank is full
and not leaking in this scenario, fire water would flow out of the tank and into the cell via the
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overflow nozzle. Ihe fire area used in this scenario is the largest design requirement for the LAW
facility. Volume of 30 minutes of fire water outside of the cell is calculated to be 21,420 gallons or
2864 f. Minimurn liner height required for this case is 9.3 ft.

Based on these scenarios, the cell is lined with stainless steel plates to a minimum height of 9.3 ft. The
calculation for the volume of fire water includes a afty factor of I A for conservatism and to compensate
for construction tolerances. The largest cross-sectional area of the vessel is used to conservatively
calculate the cros-sectional area of the rectangular cell, even though the cross-sectional area of the vessel
at the bottom is much smaller. Additionally, the actual liner height will be rounded up to the next half-
foot

3.2 Flooding Volume Description for LAW Facility at +3 Ft Elevation

LAW facility has the following vessels, containing dangerous waste, in the process cells, and effluent cell
rooms, at +3 ft elevation:

Process Ce RoomL-0123

LCP-VSL-OO0l
LFP-VSL-0000l
LFP-VSL-00002
LOP-VSL-OO0l
LOP-WESP-O000l
LOP-SCB-CO0l

molter I concentrate receipt vessel
melter I feed preparation vessel
melter I feed vessel
melter I submerged bed scrubber (SBS) condensate vessel
melter I wet electrostatic precipitator (WESP)
melter I SBS

Process Cell Room L-0124

LCP-VSL-0X002
LFP-VSL-00003
LFP-VSL-00004
LOP-VSL00002
LOP-WESP-00002
LOP-SCB-M00002

melter 2 concentrate receipt vessel
melter 2 feed preparation vessel
melter 2 feed vessel
melter 2 SBS condensate vessel
melter 2 WESP
melter 2 SBS

Effluent Cell Room I-0126

RLD-VSL-00003
RLD-VSL-00005

plant wash vessel
SBS condensate collection vessel

3.2.1 Process Cells

The process cells have 6 vessels in each cell. Both process cells are identical in size and contain a similar
set of vessels.

For calculating the minimum height of stainless steel liners for process cell rooms L-0123, and L-0124,
the following scenario is considered:

The total volume of fluid contained in the largest vessel is discharged by leakage or spillage into the cell.
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To conservatively calculate the available area of the cell where the flooding volume could leak, the
largest cros-sectional area of each of the vessels are subtracted fromthe cross-sectional area of the
rectangular cell. The required height of the liner is equal to the flooding volume divided by the available
cross-sectional are of the room.

The liners are sized to hold 100 % of the total volume of the largest vessel or 110 % of its maximarn
operating volume, whichever is greater. In All cases, the total volume is used because this is larger than
110 % of the volume up to the overtlownozzle.

The largest vessel in each cell is the concentrate receipt vessel, (LCP-VSL-00001, -00002), and the total
volume for each is 2428 fe. This is the volume used for calculating the process cell room (L-0123 and
L-0124)linerheight. The available cross-sectional area of the room into which the liquid could flow is
calculated to be 1279 fW. The liner height is calculated by dividing the volume of the largest vessel
(2428 ft) by the available area of the room (1279 f 2).

The minimum liner height required for each process cell is 1.9 ft. Conservative values for the vessel
volume are used in the calculation of the liner height by using the volume of the vessel without
subtracting the volume of the internal equipment The largest cross-sectional area of the vessel is used to
conservatively calculate the cross-sectional area of the rectangular cell, even though the cross-sectional
area ofthe vessel at the bottom is much smaller. Additionally, the actual liner height will be rounded up
to the next half-foot

3.2.2 Effluent Cell

Effluent cell room L-0126 has 2 vessels in it Both vessels are identical in size. Using the same method
as for the process cells, the total volume of each of these vessels is 3445 ft'. The available cross-sectional
area of the room into which the liquid could flow was calculated to be 799 ft. The liner height is
calculated by dividing the volume of the largest vessel (3445 ft) by the available area ofthe room
(799 ft).

The minimum liner height required for effluent cells is 4.4 ft Conservative values for the vessel volume
are used in the calculation of the liner height by using the volume of the vessel without subtracting the
volume of the internal equipment The largest cross-sectional area of the vessel is used to conservatively
calculate the cross-sectional area of the rectangular cell, even though the cross-sectional a- of the vessel
at the bottom is much smaller. Additionally, the actual liner height will be rounded up to the next half-
foot.

3.3 Flooding Volume Description for LAW Facility at +23 Ft Elevation

LAW facility has the following tank, containing dangerous waste, at +28 ft elevation:

Caustic Scrubber Blowdown Pump Room, Room L-0218

LVP-TK-0000l caustic collection tank
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3,3.1 Room L-0218

Caustic Scrubber Blowdown Pump Room, Room L-0218, at elevation +28 contains the caustic collection
tank (LVP-TK-0000). The tank sets on a 6" high octagonal pedestal. Also located in this room are 4
pumps on individual pedestals. The room's concrete walls with special protective coating are provided to
contain liquid in case of leakage. For simplicity, these walls will be referred to as the "secondary
containment".

For calculating die minimum height of the secondary containment walls, the following scenario is
considered:

The total volume of the fluid contained in the tank is discharged by leakage or spillage in to the secondary
containment. In addition to this, if there is a fire in the area during this event, the automatic fire
protection sprinkler system will activate and add fire protection water to the fluid discharged from the
tak Therefore, the secondary containment wall is sized to handle the volume of the fire protection water
from the sprinkler system over the design area for a period of20 minutes in addition to the 100% capacity
of the tank.

To calculate the minimum secondary containment wall height, the available volune of the room and the
volume of fire water must also be calculated; altogether, the calculation is done in four steps.

Step I: Calculate the volume of available secondary containment up to 6". This step excludes the 6" tank
pedestal and the 4-6" pump pedestals from the available area.

Step 2: Calculate the volume of available secondary containment from 6" to 2'- 5 1/4". This excludes the
area above the 4 pump pedestals to the height of the pump discharge. This area is conservatively
considered unavailable for the pumps themselves.

Step 3: Calculate the additional height of the secondary containment wall (above the first 2' -5 1/4")
required to accommodate the remaining total tank volume: (Volume of the tank minus the volume
calculated in Steps I and 2) divided by the area of the room.

Step 4: Calculate the volume of 20 minutes of fire water from the sprinkler system, multiplied by a safety
factor of 1.4. Calculate the height of the secondary containment wall for fire water by dividing the
volume of fire water by the are ofthe room.

The secondary containment wall height required is then: 2' -5 1/4" (Steps I and 2) plus additional height
of the wall (Step 3) plus height required for fire water (Step 4).

The minimum secondary containment wall height required fbr this room is 4 t.

Page 4
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Appendix A: Calculation of Volume and Liner Height

1 Purpose
The purpose of this calculation is to size the height of the liners in the process cells for LAW vitrification
facility at elevation -21 ft and elevation +3 ft. C3/C5 drains/sump collection vessel (RLD-VSL-0004)
room L-B IB is shown at elevation -21 ft on drawing 24590-LAW-PI-POIT-POOO1 (LA W Vaurifcation
Building General Arangeaent Plan at EL-21'0). Process cell rooms L-0123 and L-0124 and effluent
cell room L-0126 on elevation +3 ft are shown on drawing 24590-LAW-PI-POlT-P0002 (LAW
ltrification Building GeneralArrangement Plan At El 3'01.

Additionally, this calculation will size the height of the secondary containment with protective coating
required for the caustic scrubber blowdown pump room, Room L-0218 on elevation +28. This room is
shown on drawing 24590-LAW-Pl-POfT-P0004 (LAW litrication Building GeneralArrangement Plan
At El 28'0").

2 Criteria and Design Input
2.1 Process and Efifuet Cell Liner Height

To provide the worst case scenario, the vessels are conservatively assumed to be completely filled
(including the top head) and sitting on the floor, and that the largest vessel total volume is used as the
volume in determining the liner height To allow for the worst case scenario, the volume of the vessel is
assumed to leak completely onto the floor.

The liners are sized to bold 100 % of the total volume of the largest tank or 110 % of its maximum
operating volume, whichever is larger. In all cases, the total volume is used because this is larger than
110 % of the volume up to the overflow nozzc.

In the case of C3/C5 drain collection cell (room L-B001B, El. (-) 21), 2 scenarios are considerec namely,
leakage and spillage of the C3/C5 drains/sump collection vessel (RLD-VSL-00004), and collection of fire
water from higher elevation floor drains when the vessel is fill.

In the case of the process cells and the effuent cells, the largest vessel total volume is used as the volume
in determining the liner height.

The following vessels arc contained within the process and effluent cells.

LCP-VSL-0000l melter I concentrate receipt vessel Room L-0123 El. +3'
LCP-VSL-00002 melter 2 concentrate receipt vessel Room L-0124 El. +3'

LFP-VSL-O000l melter I feed preparation vessel Room L-0123 El. +3'
LFP-VSL-00002 melter 1 feed vessel Room L-0123 El. +3'
LFP-VSL.00003 melter 2 feed preparation vessel Room L-0124 El. +3'
LFP-VSL-00004 melter 2 feed vessel Room L-0124 El. +3'
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RLD-VSL-00003
RLD-VSL-00005

LOP-VSL.O000l
LOP-SCB-0000l
LOP-VSL-00002
LOP-SCB-00002

LOP-WESP-0000l
LOP-WESP-00002

plant wash vessel.
SBS condensate collection vessel

melter I SBS condensate vessel
melter 1 SBS vessel
melter 2 SBS condensate vessel
melter 2 SBS vessel

melter I WESP
melter 2 WESP

Room L-0126
Room L-0126

Room L-0123
Room L-0123
Room L-0124
Room L-0122

Room L-0123
Room L-0124

Location and size of the C3/CS drain collection cell (room L-BOOlB) is based on drawing
24590-LAW-P-POIT-POOOl (LAW flinfication Building General Arrangement Plan at El. -21'0"1.
Location and size of process rooms L-0123, and L-0124 and effluent room L-0126, at elevation 3 ft arc
shown on drawing 24590-LAW-P1-POIT-P0002 (LAW Vitrfication Building General Arrangement Plan
ait El. 30.

For the C3/C5 drain collection cell (room L-B001B), the fire protection system fire water runoff from
higher elevation floor drains has been calculated on the basis of 3000 ft of fire am. The density of the
fire water spray is 0.17 gal/min/ft , for 30 minutes and multiplied by a safety factor of I.A.

2.2 Secondary Containment Wall Height

The caustic collection tank (LVP-TK-0000l) is located in the caustic scrubber blowdown tank room L.-
0218 at elevation +28'-0". The containmnt wall is sized to handle the volume of fire-protection water
from the fire protection system over the design area for a period of 20 minutes in addition to the 100%
capacity (or total volume) of the tank The fire protection water automatic sprinkler design density is 0.17
gpm/sq. ft Location and size of room L-0218 at elevation +28 ft is shown on drawing
24590-LAW-Pl-PO IT-P0004 (LAW linfi cation Building General ArMagement Plan at El 28'0").

3 Assumptions
None.

4 Methodology

As stated above in the criteria and design input section, to calculate for worst case, the calculation
methodology assurnes that the vessels are completely filled and sitting on the floor and that the largest
tank leaks completely into the room. For the C3/CS drain collection cell (room L-B001B), the maximum
leakage volume to the cell is fire water input from higher elevation floor drains to a filed C3/Cs
drains/sump collection vessel (RLD-VSL00004).
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4.1 Basie Equations

x = 3.14
Ares ofaRectangle - IAngth x Width

D?
Area of Circle = 7 -4

VohuneofCyhder= AD 2-h
Volume of Rectangular Room = Length x Width x Height

Ares of a Regular Polygon -1/2 x a x p (where a= apoem and p=perimeter)

Volume of Firewater= Area of Room x fire water spray density x 20 minutes x IA safety factor

4.2 Room Dimension Equations and Symbology

L=length ofroom (fit)

W - width ofroom (ft)

H = height of room (ft)

A - area of room (fi)

4.3 Volume Calculation

Volume of a vessel or tank is calculated by using the following equations:

z*D.'

Vs 4 * T-T

where:

V, - volume of the cylindrical portion of the vessel or tank

D= inside diameter

=r-- =tangent to tangent length

Volume (Vb) of t F&D (flanged and dished) head is calculated using the following equation:

Vh =0.0847*D 3

d=0.162*D
d is the depth of the F&D head
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Refer to Pressure Vessel Design Manual (Moss, 197).

Volume (VJ of conical head is calculated using the following equation:

V. = (1/3)*{(x/4)*(DdI *d

d is the height of the conical head

The total volume of the vessel or tank = volume of the cylindrical portion + volume of top head +
volume of bottom.

4.4 Available Area for Liquid Containment

a) For Cells:

To calculate the possible area that the liquid in the vessel could leak into, the sum of the cross sectional
areas of the vessels is subtracted from the cross sectional area of the room.

Area available = area of the room minus sum of the cross sectional areas of the vessels (WV)

The height of liner is equal to the volume of the largest vessel divided by the available area of room. This
excludes the cross sectional area of the leaking vessel.

Height of the liner (fl) = volume of the largest vessel / area available

b) ForRoomL-0218:

Room L-0218 contains 4 pumps and 1 tank. To calculate the possible area that the liquid could leak into,
the available volume of the room and the volume of the firewater must be calculated. This is done in four
steps, calculating available volume by height

1. Available volume up to 6" excluding pump and tank pedestals.
2. Available volume from 6" to 2'- 5 1/4" excluding area above pump pedestals to the height of the

pump discharge.
3. Calculate additional height required to accommodate the remaining total tank volume. Volume of

the tank minus the volume calculated in steps I and 2 divided by the area of room.
4. Calculate the volume of 20 minutes of firewater from the sprinklers multiplied by safety factor of

1.4. Calculate the height of the containment wall for fire water by dividing the volume of
firewater by the area of the room.

The secondary containment wall height required is then: 2'- 5 1/4" (Steps I and 2) plus additional height
of the wall (Step 3) plus height required for fire water (Step 4).
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5 Calculations

Complete calculations for the liner height =r as follows for each individual cell:

5.1 CS/CS Drain Collection Cell, Room L-BO01B, Elevation -21 ft

Total Height
(Including

Diameter Head Type bottom and top
Vessel Number (), I ft Lr'it (Flangte andDished) head)i ft Remark
RLD-VSL-00004 10 11 &D (btorn andtop) 14.24

Volume of RLD-VSL-00004 = volume of cylindrical portion + volume of heads = 1034 ff

Two scenarios are considered:

a Collection of fire water runoff when the vessel is full and intact with a safety factor of 1.4
b Leakage and spillage of the C3/C drains/sump collection vessel RLD-VSL-00004

5.1.1 Calculations

A Volume of fire water nmoff from higher elevation floor drains will flow into the vessel, and if the
vessel is already full, water will overflow into the room (L-B001B). The calculation for the liner
height is based on the 3000 ft of fire area with 0.17 galmin/f 2f of fire water spray density for
30 minutes multiplied by a safety factor of 1.4.

Volume of fire water= 3000 f± x 0.17 gal/mni/ 2 x 30 minutes x 1.4- 21,420 gallons = 2864 ffi
Area of the room available -(16.58 x 23.33) - r/4 x (10 = 309 fl
Liner height required = 2864/309= 9.3 ft

B If only the vessel fails (including 20 minutes of fire water from the in cell sprinkler system,multiplied
by a safety factor of 1.4), and there is no fire water runoff from higher elevation floor drains, then the
liner height is calculated as follows: (total area of the cell, including vessel cross-sectional area is
used)

Total volume of vessel RLD-VSL-00004 (using formula given in 4.32 above)
- Volume of the cylindrical portion + volume of top head + volume of bottom
=[x/4 x (10yx 11]+[0.0847 x (10)j + [0.0847 x (10)']
= 863.94 + 84.7 + 84.7 = 1033.34, rounded to 1034 ft?
Area of the room = (16.58 x 23.33) -387 fe
Volume of fire water from in cell sprinkler system
= Area of room x fire water spray density x 20 minutes x 1.4 safety factor
=387ft x0.17p n/min/ftx2OminxlA- 1842gal-246Wff
Linerheigltrequired=(1034+246)/387=3.31 ft, rounded upto 3A ft

Thus, based on the calculation in section A, the minimum required liner height is 9.3 ft.
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5.2 Melter I and 2 Process Cells, Rooms L-0123 and L-0124, Elevation +3 ft

The dimensions of these vessels ae as folows:

Total eight
Iteom Venel Number T edType (ding Rmrk

Number (D ) ft ft botto and

LCP-VSL-00001 14 12.75 F&D (bonom d top) 17.29 Largest vaisel11 *1 inbecom

LFP-VSL-O0001 11 10.46 F&D (bottom and top) 14.02

L-0123 LFF-VSIA00002 I I 10A6 F&D) (bottom and top) 14.02

LOP-VSI-0001 12 8.12 F&D(bottomandtop) 12

LOP-WESP-00001 7 17 &D bOuno andt p) 19

LOP-SCB-00001 10 6.5 F&D (botom and top) 9.74

LCP-VSI,00002 14 12.75 P&D (bottom and op) 17.29 Lagvessel
________ ____ __ ____ intheroom

IFp-VSAA(Q3 11 10.A6 F&D (btom and top) 14.02

LFP-VSL-00004 11 10.46 F&D (bottom and top) 14.02

LOP-VSL-00002 12 8.12 F&D (bottom and top) 12

LOP-WESP-00002 7 17 F&D (bottom and top) 19

LOP-SCB-00002 10 6.5 F&D (bottom and top) 9.74

Volume of largest vessel from table above = volume of cylindrical portion + volume of heads
= [x/4 x (14)2 x 12.75] + [0.0847 x (14)) + [0.0847 x (14?]
= 1962.71 +232Al +23241 =2428r

Area ofthe room available= (38.33 x 48.33) - [r/4 x {(79+(11)2+ (1#+(10)2+ (11i +(14 ]
=1279 f?
(Area of the leaking vessel was also subtracted for conservatism.)

Liner height required = 2428/1279= 1.9 ft

* Melter 3 room and tankage deleted fromi table.

5.3 Effluent Cell Calculations, Room L-0126, Elevation +3

Total Height
Room Vesel Number Head Type RemarkDt naer I~T ead ype bottom and top

Number (A)ft ft head)ft

L-0126 RLD-VSL-y0(a3 16 14.66 Flat top and F&D bottom is ve 1ls i
this room
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RLD-VSL-oooS 16 14.66 Flat top and F&D bottom 18

Volume of the largest vessel from above table
= volume of the plant wash/BS condensate collection vessel (RLD-VSL-00003/RLD-VSL.00005)
= volume of cylindrical portion + volume ofF&D bottom + volume of flat head (cylindrical) portion
= [x/4 x (16 x 14.66] + [0.0847 x (16h + [x/4 x (16? x (18 - 14.66 -(0.162 x 16))]
- 2947.57 + 346.93+150.39
- 3445 ft

Area of the room available =(38.33 x 31.33) - [r4 x ((16)2+ (16) 2 ] = 799 ft
(Area of the leaking vessel was also subtracted for conservatism.)

Liner height required =3445/799 =4.32 ft, round up to 4.4 ft

5.4 Caustic Scrubber Blowdown Pump Room, Room L-0218, Elevation + 28

Room Tank Diameter Lr.7 Total Height
Number Number (Do ft ft Head Type (including top Remark

beam ft
d - height of
conical head

Flat bottom andpotn
L-0218 LVP-TK- 13 14.32 cnicallpwih 15A1

00001 1:6slope d-(D/2)x(/6)

I I (due to 1:6 slope)

Volume of the tank from above table
= Volume of the caustic collection tank (LVP-TK-OOO1)
= Volume of cylindrical portion + volume of conical bead portion
= [n/4 x (13Y x 14.32) + [1/3 x x/4 x (3? x (1.08)]
= 1899.76+47.76
= 1948 fY

Dimensions of the pump pedestals, 4 each, are as follows:
5.0 ft by 1.83 ft

Step 1: The secondary containment area has a 0.5 ft high octagonal pedestal for the tank and the distance
between the parallel sides of the pedestal is 15 ft. Each side of this octagonal pedestal is 6.21 ft.

Using the equation for a regular polygon:
The area ofthe tank pedestal is=1/2 x 7.5 x 8 x 6.21=186ft2

The area of Room L-021 8 can be calculated by dividing the room into three rectangles. Refer to the
general arrangement drawing for elevation +28 (see References).

The area of the room available for secondary containment up to 0.5 ft height is
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= {Area of the room) - (cross sectional area of pump pedestals) - {cross sectional area of the tank

= {(9.19 x 21.25)+ (15.25 x 22.33) + (5.35 x 19.25)) - (4(5 x 1.83)} - {186.42)
- {(195.29) + (340.53) + (102.99)) - (36.60) - {186.42)
= 638.81 - 36.60- 186.42 = 415.79 ft
Volume of liquid contained by 6" high containment wall = 415.79 x 0.5 = 207.90 ft

Step 2: Calculate the volume of available secondary containment from 6" to 2'- 5 1/4" (the height of the
pump discharge). This excludes the area above the 4 pump pedestals to the height of the pump discharge.

= ((Arms of Room) - (Cross sectional area of pump pedestals)) x (height of containment wall)
= ((638.81)- (36.60)) x (1.94)
-1168.29 fe

Total volume of liquid contained by 2' - 5 1/4" high containment wall = 207.90 + 116S.29 = 1376.19 fl?

Step 3: The height of wall required to accommodate the remaining total tank volume (above the first 2' -
5 1/4"):
= ((Volume ofthe Tank)-(1376.19)} / (Area ofthe room)
=((1949.97)-(1376.19)) /(638.81)
-573.78 /638.81 =0.9 ft

Step 4: If there is fie in the area during this event and the fire water sprinklers activate, the volume of
water added to the secondary containment will be based on the fire water spray density of 0.17 gal/mi/ft
for 20 minutes multiplied by a safety factor of 1.4.

Volume of fire water = Am of containment in ft x 0.17 gal/mim/ft x 20 minutes x 1.4
= 638.81 ft x 0.17 gallmin/ f? x 20 minutes x 14
-3040.74 gallons =406.49 ft

Therefore, additional height of containment wall required to accommodate firewater volume
= Volume of firewater / (Area of the room)
= 406.49/638.81 - 0.64 ft

Therefore containment wall height required = 2.44 + 0.9 + 0.64 = 3.98 rounded off to 4 ft.

6 Summary

The minimum required liner heights using the method above for the rooms are as follows:

Table of Liner Height

CCU Room Number Minimum Liner Liner Height Rounded Up
Height to Nearest Half Foot

C3/C5 Drain Collection Cell L-BOOlB 9.3 ft 9.5 ft
Ml Process Cell L-0123 1.9 ft 2.0 ft
M2 Process Cell L-0124 1.9 R 2.0 ft

Effluent Cell L-0126 4.4 ft 4.5 ft
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Table of Secondary containm t Wal Helat with Sptecproteedve Coatiag

Room Roornum b Minimum Wall Wall Height Rounded Up
Height to Nearest Half Foot

Caustic Scrubber Blowdown
Pump Room L-0218 3S8 ft 4 ft

7 References

24590-LAW-PI-POIT-POOO, L4 W ritnfcation Building General Arrangement Plan at El. -21'0 Rzv.
2
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24590-LAW-P1-POIT-P0004, LAW Vifrijcation Building GeneralArrangement Plan at El. 280" Rev. I
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Drawings and Documents
Attachment 51 - Appendix 9.9
Low Activity Waste Building

Material Selection Documentation

The following drawings have been incorporated into Appendix 9.9 and can be viewed at
the Ecology Richland Office. See Appendix 7.9 for material selection documentation
common to the Pretreatment, LAW, HLW, and Laboratory buildings. New drawings are
in bold lettering.

Drawing/Document Number Description
21590 LAW NID LCP P000 1, Rev" Material Selectiont Data Sheet for LC

VSL--0000142
24590-LAW-N1D-LCP-POOO1, Rev 1 Material Selection Data Sheet for LCP-

VSL-00001/2
24590-LAW-NlD-LFP-P0004, Rev 0 Material Selection Data Sheet for LFP-

VSL-00001/2/3/4
2490 LAW ND LP P0 ev- Matefial-Seleetien--Sheet-fef-LOP

CB- 0001
24590-LAW-N1D-LOP-POOO1, Rev 1 Material Selection Data Sheet for LOP-

SCB-00001/2
24590 LAW NiD LO 002, -ev-0 Matera Selection Data Sheet fr LOP

VSL 00001/2/3
24590-LAW-N1D-LOP-00002, Rev 1 Material Selection Data Sheet for LOP-

VSL-00001/2/3
24590-LAW-NlD-LOP-P0003, Rev 0 Material Selection Data Sheet for LOP-

WESP-00001/2
24590-LAW-NID-LOP-P0004, Rev 0 Material Selection Data Sheet: LOP Offgas

piping (downstream of film cooler to SBS
entry)

24590-LAW-NlD-LVP-P0002, Rev 0 Material Selection Data Sheet for LVP-TK-
00001

24590-LAW-NID-RLD-POOO1, Rev 1 Material Selection Data Sheet for RLD-
VSL-00004

24590-LAW-NID-RLD-P0002, Rev 0 Material Selection Data Sheet for RLD-
VSL-00005

24590-LAW-N1D-RLD-P0005, Rev 0 Material Selection Data Sheet for RLD-
VSL-00003

RESERVED RESERVED
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LCP-VSL-00001 & LCP-VSL-0000 (LAW)
LAW Concentrate Receipt Vessel
* Design Tamperan CFXnuxhtn): 15040
* DesignPros(pi W) (mAxht) 15/WV
* Location: process cell

Offspring items R10600
W-AtaIT)1 - LCP-AGT-00002

Wwrp ~nc,Sflhlwt

Contents of this document arm Dangerous Waste Permit affecting

Operating conditions are as stated on attached Process Corrosion Data Sheet

Cannot be maintaineddin e 40 yeardesign li

Options Considered:
* n Thvcudslfl gd wastpo1WF.
* Tie veanc will be washed with pocess water orcaustic.

Materials Considered:
MateSa Radlve Acetable Ueacmta e

(sNo.) Coat Matordal _________

Carsebo S9 023 x
304L(S30403) 1.00 X
316L(s316) 1.1s X
6% No r036N0S26) 7.64 X
AMoy22(06M22) 1IA X
Ti-2(I040) 10.1 X

Recommended Material: 316 (max 0.030% C; dual certified)

Recommended Corrosion Allowance: 0.040 inch (includes 0.024 inch corrosion allowance
and 0.016 inch general erosion allowance)

Process & Operations Limitations:
* Develop rtiuiq/fluahiag procwdue for adid mnd wits.
*- bYe Q plqyuaraey

Please not Oat socc, special oclear and byproduct mAuials, a
defined in the Atomic Eurgy Act of 1934 (AEA) a regulated at be
U S. Department of Energy(DOE) ft itles eacsively by DOE acting
pursmtto is AEA mua ity. DOE aItdn tatpwuflt the AM. it
has idle and exclusIve respanaiulity and athaity to rgulate sane,
special nclear, and byproduct materias at DOE-owned nuclear facilities.
Infirmation cormined lain an radinuclides i proved Ir proem
d-criptionlpupoa ry. This bound document catmbins a total of6 sheets. I

I - - -F ~"
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Corrosion Considerations:

Vessels receive waste for melter feed. Operating temperahure range is77 to 150F, with a noamil operating tempamsure of
1220F, and operating pH range is I to 14.5. Spray non2l, am present to pray inside of vessel with demineralized water.

NaOH is also available to the spray noznEs. Vessels have mechanical agiaors and interval transfer pumps.

a Genral Caradon
Hanmer(1921) liss accrion ute fbr304(and 304L)in NOH ofMfla tha20 ny(500pjmy)at77*9 and ovr20npy at 122*F. Ie also
sateu36(cd 316L)has are of lfs than 2 nipyin 50%laOHat teMpaaUesupto 1229F. Difl W (2000)mad Sedriks(1996)bolh ate that
to 300 merins sminless seel d e acceptwble in up to 0%NaOH attemperatures up to about 122*F or slijhly above. be conosion ra for
304L in pure NaOH is expected to be le.. tha about I riy up to about 212"F though Sedn Slates the data beyond about 1220F are incorrect
due t be presence of oxidizing agents.

In this sytemw mhe nal pH, nitrate concentzatious and te ranses m much that 304L and 31L stainless eels will be acceptabl.

Cbncdna:
304L or 316L is expected to be safficiendy resistant to the waste solution with a probable general corosion rate of les dhm I OW.

b platins Caedsom
CIlride is kamn tocase pitting ofsteinkms steels and mclted alloyA in add and neuiril solutions. Dillon (2000)is of the opiuom thm in
alkaline solutions, pI>IZ clorie, are kely to joren pitting only in tight crevices such a might fann ater partial rmoval oedeposits
during msdtipledirecycles. Dillon and Koch (1995) ae both othe opinion lhst gooide will lnv itfaeflfect in an atll inu dia.

The nortal operating tempatjure for these vesels is 122 OF. At this tenpeature, 304L or 316L staink. steels would be acceptable In Mhe
poped malinedfmult weome.

If thO veal were filled with prcess waler and left ssawnat#.ther would be a tandaicy to pit. lb. tar Lu isidate woul depend. the sosce
of the water, being shorarfwr filtered river water and longer for DIW. Pitting Ins been observed in both cames, proably because residual
chlorides ae ely toremain.

Localafd conmiem, such aspting, is conmmn but ca be mitigated.if caused bychlelrdes, using alloy with higher nickel aid molybdenam
contits. Based on the expected operang conditicaa,316Lis expected tobe saishtmy.

setnd Gral. Carrodon
End Vale corsion only occurs in etS Mith exposed and -uls and is highly oxidizing add condidion.

Candamlon:
Not applicable to thi system.

d Strves Corre Craetdag
Theexact amost ofchloridequired to-austessoo moncrackingis ikiown. In parttbisis because the unmetvarieswith
twmperaxe, mual sansitization, the enrhonament and also became chloride tends to concenbate under heat waer coaditions, by evuportion,
and elctochemicallyduring aComsion prcess. Henceeven as lites 10ppm cn lead toerackiUgsnder ionditions. Gsuallyas
sem in Scdiks(1996) and Davis (197).chloride stes corrsions kingdoesnetummullyoccrbelowaboutt140*F. Whi h 1,pipad
tenpats,316L Is recommended.

At the norm operating canditions, 316L staineas is the rinimem ecornmunded.

* Craei Cormie.
See Pi"ing

Conclusion:
See plains.

CaonomnatWelds
Cornsion at acids is not considered a problem in the proposed aiviranment.

Cbsdwo:
Weld cmosion mnot considered a pmblem for tlis system under nonna! operating conditions.

LCP-vSLO001 & LCP-VSL00002: Sheet2 of 6
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a sMlm65bhledl y adared Car mel. (MC)
he non. opaating condidtns arm am conduyc to microbi grnh.

Condulmn:
Notaconcwrn.

I adpgnCornea" Fafg"
Carsion fdiue does not appear to be a concert

Coadulows
Not expeed to be acnem

I Vapor Pbae Cerroiso
Vapor p~ne corsion will be a fwictioo of the degree of agitation, solutian chemisy. and tarocratuw. Under the stated conditions, and with
the presence of wash mil In the vessel. vapor p-m corromia does am appear to be a conea.

coacholom:
Notoepectedtobea concen.

j Er"gIom
Velocities widi, tme vend m expected to be ml. Based on 24590-WfT-RPT-M44-0008, a general erosion allowance of 0.016 inch is
adequate for cowpomeits with solids consent less thai 273 wrA

Not expected tobe a cnce.

kGalgeMbvIagSurfems
Not applicable.

Conclusion:
Notapplicable.

Coxcdurim:
Not wucauc.e

mCalvanIc Corrolam
No sigifcondy dissidlar na are present.

Cowdaimm:
Notexpectedltabeaconn.

. Csvltafl
None pecld.

cmduslann-
Not believed to be ofeacem.

* Crap
The tmras res etoo low tobe a cgoan.

NO ippcab

p Iaadverteat Nitrie Add dion
At this dlm, 5h deipi does not provide for the presce ofnitic acid reagent in Wis systea.

Not applicablk.

tCP-VSLOOOI & LCP-VSL-00002: Sheet:3 of 6
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24590-WTP-RFr-PR4-Oo1, Rev. B
WT? Promss Corrosion Data

PROCESS CORROSION DATA SHEET

Component(s) (NamejiD ) LAW encenrate mosip vessel (LCP-VSL-OGW1, LCP-VSL-0002)

Facility LAW

In Black Coll? No

Chueials Unit Contract Maxhnum NonaoulIne Notes
Lach No'bdh Lsa Noesd __h

top g01 3501 163E+01
lorkie on 14ME01 2O01

-- l ____d _ _ al 1.4E+01 ±01E+01
__n g_ 284E400 Z9CE400

go q M7E402 2.U5+02
Nkfs at 8.22E+01 S.W3401

P t all 1ME401 13DE+01 I
_________ gn 31IE.01 143E401

Maranr SMAMEMl a1SE-02

solids W% Its 4.9%
(herfPhG .ME-M 29402

SINpWrhN VF Nob 3 Na 4

oif Orgaic Specles

A-0
1. nipseonsup RewA

T opals7b IxS.T CP As -U F0eUC4WNCPUA
J.IS n. 0n4t.0aw bcwS. be.W tfraAst r w m

-TOpI 777um011.L.Twni2 F0WW4MWasaA0V W .w1
Tn-:fariouwbsver tng4na,~m v

Avisinspd:m
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WTP Process Corrosion Data

6.1.1. LAW Concentrate Receipt Vessels (LCP-VSL-00001 and LCP-VSL-00002)

Routine Operations

LAW concentrate receipt vessels (CRV) are designed for receiving waste for melter feed. The
equipment associated with the CRVs that promote decontamination and decommissioning includes:

* The internal spray nozzles that spray the inside of the vessel with demineralized water

* Flushing the inside of the vessel with demineralized water (from spray nozzles or transfer from the
fr facility) draining of the vessel heel, use of other decontamination solutions (N&OH and so on)
through header connections to the spray nozzles during final decontamination and decommissioning

Each LAW CRV is equipped with the following:

" Mechanical agitator (LCP-AGT-0001, -00002)
" Two 100 % pumps (LCP-PMP-001A/B, -00002A/B) to transfer LAW concentrate

* Internal rotary spray nozzles for periodic wash-down
* Overflow to RLD-VSL-00004, C3/CS drains/smp collection vessel via a common overflow header
" Pressure, level (redundant), temperature, and density instruments

Non-Routine Operations that Could Affect Corrosion/Erosion

* Overflows to RLD-VSL-00004
* Washing required on failure of agitator

LCP-VSL-0001 & LCP-VSL-0002: Sheet6 of6
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LOP-SCB-00001 & LOP-SCB-00002 (LAW)
Melter I and Melter 2 Submerged Bed Scrubbers (SBS)
* Dwign Temprmtlte (F)(mF/rinir):237/41

L ocignPressteig)(ax/fin):15/EV
* Location: pmccss cell

16 1111 BY
RPPWTPFC

Contents of this document are Dangerous Waste Permit affecting

Operating conditions are as stated on attached Process Corrosion Data Sheet

Operating Modes Considered:
* Nomnlopeati pH 3utbe nrn]operatinrgtmpciatui
* Nonal operation at pH 8 at the nonmml operaing ttmpcrElt
* Vessel is a! pH 3 and the tramfl reaches 167F due to loss of couling jacket fanction

Materials Considered:
Material Relative Acceptable Unacceptable

(UNS No.) Cot Material Material
Cirbon Steel 0.23 X
304L (S30403) 1.00 x
316L(S31603) 1.18 X
6% Mo (N08367/N08926) 7.64 X
Alloy22(NO6022) 11A x
Tf-2 (R50400) 10.1 x

Recommended Material: Hastelloy C-22 or the equivalent packing is a ceramic

Recommended Corrosion Allowance: 0.040 inch (includes 0.024 inch corrosion
allowance and 0.004 inch erosion allowance)

Process & Operations Limitations:
D vclop yup sustew

Please note tat sotc, gpVcal nucIar and bypoduct nateruials. as
defined in fhe A1mo Energy Actof 1954 (AA), are regulated at the
U.S. Deparent of Enmy (OE) kIlitles exclusivey by DOE
acting pursuntto its ArA authority. DOE asserts, that pusant to
tAIA it han sale and exclusive responsibility and authoriyto
regulat source, special nuclear. and byproduct nterials at DOE-
owned nucien flielities. Infration contained herein on
radiaclides ispovidod for proess doscdption puroses only.

EXPIRES 12/D

This bound documni cntains a totl of? sheels.

1111111 lii 111101
R10672008

I y1/18/ry Issued for Permitting Use

0 1/27/04 IssUed for Pernitting Use LA JRD APR
EV DATE REASON FOR REVISION PREPARER CHECKER APPROVER

Sheet I of 7
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Corrosion Considerations:

Ofrps from the film cooler at a nominal temperature of 572 F is directed into the SBS column vessel for cooling and solids
removal. A cooling jacket located on the outside of the scrubber vessel maintains the required tomperatres. Loss of
cooling jacket function could allow the solution temperature to rise as high as 167 OF.

a General Crrosion
Wilding and Paige (1976) be shown that in $% nitric aid with 1000 ppm fluoride at 290', the corrosioenkd of 304L can he kept as low
asS qpyby the ae of Al". Additionally, Scdrib (1996) has noted with 10% (-2N)nitnc acid and 3,000 ppm floore at 15rF, the
corosiun nte of 304Liovcr4,O00 mpy; C-22 has a corrosion rate of abvut75 py. While the anticipated pH in this cao is higher, there
are regions in the system wine the pH is low or where there could bc mcxces flueride without the premen of aluminum. Consequently,
COnteOn resistant alloys such as Hastefloy C-22 will be rquirnd.

Thedissolutionrate of the ceramiccumpnents inthe pmpomed enviroatnmentis =Unon. However, data from Clark and 7?itws(1992)
suggest A2O, SiC, andZrO2 ceramics will have littlereactivity in theproposed solutions. Thccffectoftflorideand tivarying
temperatures is unclear but the unifomi corresion rate is expected to be lairr.

Cabndsion:
Hatelloy C,22 or the equivalent is secommended to protect the qgions in the scieier that are exposed to excraniv temperatume and
concetatri. A high-fised alumina, silicon carbide (reaction bonded and with no free silicon4 or zironia is cxpected to he a otably

resistant corarnic for the paicing.

b Pitting Corrosion
Chloride is kuown to cause pitting of rbinlm steels and related alloys u acid and nwtrl atations. Normally the venl is 1W ope at
l1 riatapliof3 loB. Purthermor, thettmperatore could rise to about 167PFin thecaseofloss of coolingjadcetfIunction. Dea tin
Phull et a (2000) inply that with Ihese conditions, Hastelloy C-22 orequivalent will be needed on a minimun.

Further, if the vessel were filled with process walcr and left stagnant, there would be a tendency to pit. The tIme to initiate would depend on
the source of te water, being shor for filtered river water and longer for DIW Pitting has been observed m both cases, and is likely
because residual rblrids ar likely to resnain. Piting is las likely for the higher lloys such at C-22.

Condairw:
Hasielloy C-22 or equivalent isrecommended.

c End Gra Corrosion
End grain corrosion onlyoccurs in concentrated acid conditions.

Condusion:
Notbelieved likely in this system.

d Stress Corrosion Cracking
The exact annuhit of chloride equired to cause srene corrosion cracking is unknown. is part this is because the amount varic, with
temperaure, metal Ken ition, the environment, and because chloride tends to concentrate under heal transfer Coandiligna, by evaporation,and cloetrchenically during a orrosion prtwess. Henc#, even as little as l0ppm cas lead to cracking idrr sre condition. Per the
proposed condition. HastelloyC-22orequihalentisrequid bceausofie greamsistanceto SCC.

C6ndusion:
Becauseof the norul operating envirumrnt as wellasthat which cm oceur diring off su omlo. ;k.theninn alloy
recommended is Hastelloy C-22.

o Crevice Corrosin
See Pilting.

Candusant
See Pitting

Corrolon at Welds
It is expected that the heat tint will be removed during nexnal operaion.

Comdsrnhon:
Weld corrosion is not considered a problem for this rysotrn.

LOP-SCB-o000l & LOP-SCB-00002: Shmct:2 of 7
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g Mieroegleiay Indmeed Corrosion (MC)
T1e mr osed operating cOmdidOSam notendacve tomnrobial growth. The system is downsreamof the main enty poin tnof ticsbes
and the air safan are heated to ever 500F.

Coacdscon:
MIC is notconsidered a problem.

b PatigurcCorrolion htigue
Corrosion hiiguc is not cpqcacfd to be a conem. The presas ccounered are so low and the skengih of the matrial is so couplratively
high that conviwn fatigue is not a problem

Conchulo**
Should not be a concem.

I Vapor Pams Corrosion
The vapor phae prtion ofthe vessel is expected tobe contacted with particles of waste from splashing. It is expected the regim will be
sufflcidy washed to pevent solids deposits.

Concdusion:
Vapor phase corrosion is not believed to be of otcern.

jErosion
Velocities within the veascl re expected to be low. Ezmsion allowanec of 0,004 Inch for comonents with low solids content (<2 wt%) at
low velocities is basod on 24590-WTP-R PT-M04-0008.

Condusim
Not believed Io boof concem.

k Galling of Moving Surfaces
NotAmppicsbl.

Conclusin:
Not applicable.

I FrettingWear
No metal/mcial cenwsuting surfaces expected.

Conclusio:
Notbelieved ito be of concr.

m Ganic Corrosion
No ditimibar meis are present

Condusion:
Not believed to be of conern.

0 Cavitation
Noncxpected.

Conduion:
Not believed tobeofcoocea,

OCrap
The tcmpcerurm are too low to be a concem.

Conculon:
Not applicable.

p Inadvertent Nitrie Adid Addition
At this tine, the design deem not provide fr the presence of nitric acid reagent in this system. Additionally, the scrubbars sco lowpl under
normal optrang conditions.

Conclusion:
Notapplicable.

LOP-SCB-0OtI & LOP-SCB-(0002: Shect:3 ef7
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WTr Process Corrosion Data

PROCESS CORROSION DATA SHEET

Componenl(s) (NamAD #)

Facility

In Black Cen?

SBS and SBS condensale collection vessels
(LOP-VSL-OO01. LOP-VSLOOO2, LOP-SCB-0OI, LOP-SCB40002)

LAW

No-

LOP-SCB-00001 & LOP-SCB-0O02: SheetS of 7

Cheilcals Unit Contract MazimuM Non-Routine Notes
Legge i No Ich Lth I No LsyA_

Aluminum co 107E.02 5 12.02 I
hlorid. Off 1.22E.Di I.3SE+0

liMofe n 2.81E+00 2.88E00
Iron an 262&02 25442

Irate On 6b5SE-02 De02oa
trite an

Phshate 9"
Sulfate an
Mercury ll 993E-Oi 3.45E02
Corbonste on
Undissolved solids WFL 1.4% 1.3%
Other (Pb) gn t6.1i&- 3 &WO4
ouler M

H N/A Not. 2
rnparalure (note 2) 'F NteS3

List of Organic Species:

Reterences

biwia Cenwcmtl 24m.WWJM-uC.V .v1ros nR A
-Rnalwllptaese .~o c0

I fl~h I O'04
W.t nt mteg .cma n..bt

MD: 240-IW.MO.LOP40.24 ZS0AM-LO4P-PVOC| Rev I
aD 2450-4AW-MG.VI -P'7. -P0 Re

raist Reprt |A

Notes:
* oontuamrnhen ix tr~gad n d a rua flwpofd atvaSstotweat4ih WCL.

2a043OCHo2f0rNM )
lmS,41, T mniwl 113$F. V oftaoijdt fntfl an 167(2V40m4AWMYCLD0P1. Rev B)
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24590-WTP-RPT-PR-04-0001, Rev. B
WTP Fracess Corrosion Data

* C Sd jidlur Irn the W-1ft cailled water flow to e 8 Wds, themaubbing wsui .
tmpmevturmcjintc hates.. Jfthc. osled watsrhow isnot mactsdina rnm blepiod the
mii. temaeszum dlIE madlquM begifsto 0W9p0SLe The equilin tmteaeclad k
alant 165 'V(4 OC, Dmfnemfnd wtris added to dins the SBS c1in or eodansmil
vessel vibdo wash b=hC to cmpensate frwutacvapn&
* SonSS buhp inSs - This resnitIs reduced liquid flow tinOu the bed, with mdced qeching

and decantalntion. A bitr ti. temnu indicatesthis pmbkm. DqameSagu -hw
,&WlioffEatl, h0 il dabO r b Idled. the maintenance by$pmuop dawie, ed ft is aed and

flushedm Iftabs km ismot nvwrc, the coutive aio naybe dcered unt the at w met
ebwngout-

* Low ots pump - easrft =e C mittrp*epump (LOP.PJP-00fl3M6A)itemuJ*lb.
paiodiatmnufer fbemt SBS wmn vsd te SBS eMaa coameion vessel. Pump
LOP.?dW-000033M6 sisas bhspand parodiculby mpsnnutedcaflse todihe 88
codwat cot ion vel untl dfe raed p&& w is rwplaced. The upuww In the SM coudmrawn

vasml (LOP P40002i5) ean ao be und to trafr Hlquid famthe swtemnt fet BS cndemsate
Clection veed.

* LA6 of RIM gondes. et voed pump - The BBS oondnate vend has t" pumps t have do
abqifity ofeIbmrecknI*ti% conduate to t SBS or pumpg itto to BS suean
popcutiax vesalIne Ma , W e tb n e acts a baclup mili led pmum is replaced

* Lan or abe in the S911omumefsate vea- If tMe eduetor hiks, to melters Wind, dhe
maintan.. bpm is aavatcd, and the offpas line Is isolated by dosing the isolation valve
dosmfmin o ie WEB?. Ma* IU Iris thneplaced.
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LOP-VSL-00001 & LOP-VSL-O0002 (LAW)
Melter 1 & Melter 2 SBS Condensate Vessel
* Design Temfature (")(mx/miny. 237/40
" Owsivn ressme (pug) (waxirty. 1W
* Locailowincell

R10672007

ISSUED BY

Contents of this document are Dangerous Waste Permit affecting

Operating conditions are as stated on attached Process Corrosion Data Sheet

Operating Modes Considered:
* Normal operation at pH 3 at slaed nominal oponmting temperature
S'IlTe vsa.d iR pH 3 at sound nomiual operaing emperatun

* Vessel Is at pH 3 and empeature reaches 167F due to loss of cooling fnction
S Veselais at pH 8 and temperatx aces 167F due to los of cooling fimction

Materials Considered:
Material Relative Acceptable Unacceptable
(INS N.) Cost Material Material

cabtsteel 0.23 x
30L 30403) 1.00 _ X
316L (S31603) 118 x
6% M0 (NON367/N0112O) 7.64 X
Alloy22(N06022) IHA X
Ti-2 (R5jW) 10.1 _ X

Recommended Material:, UNS N06022

Recommended Corrosion Allowance: 0.040 inch (includes 0.024 inch corrosion
allowance and 0.004 inch erosion allowance)

Process & Operations Limitations:
. Develop ly-up strtey

Please note that soce, special nuclear and byprototmatedals, as
deficed in the Aonic Esargy Actof 1954 (AEA -re rlated at the
U.S. Deqnrtnt of Ewny (DOE) facilities exclusively by DOE
scdnj pwsuant 10 its ABA sudorly. DOE asseMt upununTo to
the AFA it has sole and exclusiveresponsibility and wuihority to
rqultesoce,p lucar,mndbyproductntrialsatDO8-
ovned nuclear Tacilities. Inbovtion contained herein on
radionuclides is provided for prcess descriplicn prnposts only.
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Corrosion Considerations,

Vessels recive liquid overflow from the SBS column vessels. Nominal operating temperature is 1130F with An expected
maxinmum of 16701.

a General Corrosion
Wilding and Paig (1976) have shown that in 5% nitric acid with 1000 pim fluoride at 2900F. the corrosion rae of 304L can be kept as low
as5 py bythe use ofAl'. Addilionally. Sedriks (1996)1.. noted with 10% (-2N) nitric acid and 34M) ppm fluoride at 158-F, the
conrmion ate of304L is over4,000 Ay; C-22 or cquivat tihs a corrosion rate of abot 75 ny. Because of *epouaibility ofhot, low
pH conints with a low AV"/F mfioan alloy mat corroeon raistat than the 300 sries slanless steds, b as Hostiliy C-22 or
equivalent will be required. With the expected pH rangting between 3 and 8 and the concetration ofchloride, 316Lis rarginally
Acceptable.
Cadiua.
316Lis Snoginally acceptAble with a 6% Mo alloy or Pistloy C-22 better. C-22 ore hcvqulvakRnta comunfded es pruct the vend
from off-nrmalconditions,

b ttlag Corrodes
Chloride is known to cause pitting in acid and neutral sohitionr. Normally the vosselis to operate at 113 *Fatapl range of 3 to 9.

"v, the temprar co.A appmacd boiling. Dafta Jom Phull a W(2000) imply that wilt thse craindions 6% Mois arial and
Ilastelloy C- r22 equlvalatwill be needed as a minhm.

Further, if the vessel were filled wilh process ater and left stagnant, there .nul be a tendency to pit. The time to initIate woul depend on
th source of the wlatr. being borter filteed rir waTr and longer for DIW. Pitting has been observed in both caes, and is likely
because resdual chlorides ar lkely to remsin. Pitting is lea likely fir the higber alloys such as HaielloyC-22 Wo qiuivalent

Conduice:
Hastelloy C-22 or the equivalent is iceneirinded.

c End Grain Carroion
End grain corrsion only occurs in high acid coaditions.

Cancaiton:
Not believed likely in this systenm.

d Stress Corosion Craldag
Tho exact al of chlkride required to caine ain-s wnrmnsi encjdng Is unknown. In pa this ii beeuse die .motnt varies with
ttmpettite, metal setisiliat isn, she .mvlnment, and also because chloride ted to cceenrlc utxkr hut Ianafe ondltlrs, by

evaporation, and eloctcmiahly dmingaetw ionprtcm. Hence, evin as little as 10ppoican lead tocrackig under sme conditions.
Howecrwitlithepopwsed off-nmem cmnditions where the will be a tendency Lu conenfrnte malts, Hasteliny C-22 eqttivalestis
nequired.

Conduion:
Because of the normal operating envirrmnent as welli that which can oocurduring off-ernral conditions, the minirran alloy
reconended is Hastalloy C-22 or equivalont.

e Crevce Crries
See Pitling.iermnal OpCratfg tementwt is wellabove the criticalceviceconosion tcmpraabnfor3t6Lwd mrginalfor6%Mo.

Condkisn
See Pitting

Corresion at Welds
Weld conmsion is not cosidcrd a problem for C-22. 3161 "lds coaode significantly faster tha nhe bulk ahoy.

Conclulron
Nota concern with C22.

g Uknbhelugily induced Cri.TI (PAC)
The prposed operating euuditions an: not conducive to microbial growth - the average operating temperature is appmanimatey cnrrect but
the pH is tooe cid.

Con tea r ao:
MIC is not conwidered a problem.
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h FatigeCorrssaon Falg
Corrosion fatigue is not expected to be. can.

Condlwtonu
Not expected to be a concet.

iVapor Fba Corrosion
The vapor se pearion of the vesol is expected tobe splashed with paicles of aste. Hhieslloy C-22 is aufficientlyresstant. Vapor
phase corosion is not 2 Cnnm.

(adion:
Not expected to be a ecten.

j Erosion
Velocitiar rexpected tobe low. Erison allowance of0 004 inch for components with low solids contnt(<2wt%) alow velocities is
bnsed on 24590.WiP-RrPT-M-04-0008.

Conciulso:
Not expected to be a concern.

kGallagofMlovingSurfaces
Not applicable.

Notapplicablc.

I Frtlng/Wear
No metal/metal contacting surfaces expected.

Condusion:
Not expected tobe a concem.

a Galvanic Corrosion
Nodiisnul.r wlazrcrct.

ConCIuMon
Not expected to he a conm.

n caviatina
Noneexpected.

Concdarot
Not befieved to be ofocutow.

o Creep
The tempetirau a= too low to be a concmr'.

Caodmion:
Not applicable.

p Inadverteat Nitric Acid Addition
At this thne, the dveign does not pnvvide ffr the Pn=CI.e ofmiitric acid M&aget in this system. Additionally, the vasels see low pH ander
normal vpmrng conditions.

Conlusion:
Not applicable.
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24590-WTP-RPT-PR-04-0001, Rev. B
WrP Process Corrosion Data

6a' Sn adS3COndcasate V sal (LW-SCS-WMZ andLOP-VBL400S.,)

Rftd= opersdoas
Offgas hun thm film coolesrows *00ob t eofgsas hoe then aess b. SBS colimi, wbids elosed

In dac SBS oolumn vaol (L.P-SC-00001t2) for irther cooling and ds1nMOva. lach meter las a
dedicatnd 888. The sBs is apsis device dalped 6r sqn amu bgotmbaioS radlotin
parcialmea tno nxIwtrowus pl woglb And ondnssn of malt Nap r cmimn.

ThS bantwo otbs intca w gforfth - opottions wmitd r the ataadby l. vil. t
pipanna down duhth ed tot packinsppr 99059 . lMubdsc1*anun walls sfnd belowr 'he
uppotple, reafing a lhwccr*tt to Ies ntgnsfranbypassiagthe indf Ahn suemascMn is

UWed to pvth dibed i mmbeing caied etby upward flow tbch b bed. Gas buWle m ref ed
antha a pases troug hes n the Asupport plat.b bbles ris- ingh the paclud bed A earns
the lquid to civmisme up tat thw pmddng. and bcns doenward in thesouslar space outside fl
pached bed. The packing bmb luger ubbles hits anr m to int0e t pt-tawa 0o0me0tua
am) helpa Mnresthe psartioadtvrcnmoid and heat tmsfer offmicndcs.

T76scrubba atsadiscturpa dmuhb thetp ofto SB. Teliquid &mhdao hdjp to pnt
boildup orcaptnd mats) in t*a bed by ooshintly washng the material away. A oolingjacket
located an thoe outride ftle gatbber vend and wolhu coils looad inide the vWt maintain te
strbmingtiquid at rqsked tempetura.

As ft offgaa cools, water Yvapoadmalsa ar icrmssmw the liqui fantny. Te UqUMOWDGWI ha
the SBS condasale vessel(QkP-VSk-oW1o2) loted mxt to the BS colum vessel, SWby

mslnnga cfmbtetliqud depth In the CBS cobsm Veasl. The 585 omydensate 'uS s a cooling
Jacket to *lhier col the coodaisate. 7his cooled crloaat wha recycled (pumps

LOP-PP-40WO/4) to the BS cohrn vusel, coutstg to the csai&g ofthe 18 candent sad
-ps collocted solidsmobilized fir unaL. The oonlmt vessel has thecpecfty to hold abou

2 da ofudaustet. Vaticg of is vast! is vi the BBS wluom vessel ino the Main aligns disbus"

To help raenoVal dn , terecirculated strmtis pumped boaeight laces that agita 1the Ittomaf
'ho 335 column vessel mid owunsodats the sclid near thcpnx maucln. To uspend tsolids
acammlaited ir d;BS condasate vessol, an eductor is ve powevd by a ide fsreten h

Cadnctpwxdncedand solids capiadithe SBScohemveaslamtemodymwdicaly.

NoUndene Opertalts thut Cauld Affect CorrosenEroslon

" BOtesB and BUS 0 sateyessl contain spy Mwm tat OM Used dingstwAtptOfil thO
vessels and fr dcommintdca i l tmf anoe ofhe oflas line, BS,orWBSPisrv0*ortdnn
the lifetim of the r, a rnadnitnance bypass line is povidedrm the standby ofiaslineinthe
wet procms; el to thrsandbyline m teedhr ieln. Thwother iehersmste Ltd hr this to
occur since the standby linemst bevpcn to the SBS. but none oftho treant Sm n pf r bypassed.

* Solids badLapin S bed -4hb may causethe otas to bypass the bed with reduced quwhing
afd deamtamianl Hlg rresar ifferentlal slicate a bullp.Dep ding ontheeduction
of fanetion, de maintiamne byposs h activated ad de BS is ubs) out tin bed is fluidized by
imniasing offgas low, or the bcd is teplaced at the nitmelterchktgtWut.
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